MONTANA FISH AND GAME DEPARTMENT
ENVIRONMENT AND INFORMATION DIVISION

JOB PROGRESS REPURT

State Montana Title Beartooth-fbgarcks Wildlife -
Project No. _FW-2-R-2 Mining Hesesron
Job Ko, 1=h Title Plannine TInventory, Fisheries
Period Covered Juiv 1. 1972 to Juns 30, 1973
Contract Report Period Jamusry 1, 1973 4o December 31, 1073

ABSTRACT

Chemicel and biological invesgtigations were underisken In streams draining
an area of southcentral Montana where mining development is expected, Water
quality was generally good. Waters are mostly soft and low in dissolved
materials. Data on metals content of sirsam sediments are alsc givern. Standing
erops of stream bottom macroinvertsbrates wers varisble, both in time and looca-
tion. At most stetions groups of organisme considered ssnsitive to pollution
were dominant.

Fish populstion estimstes were made on 17 sections in 1% streams, anding
crops were moderately low in larger streams, bubl moderately high in soms 3r*ﬁhg
meandering tributaries. Bstimstes were made on 12 sections in consecutive vears.
Values were nostly similsr from ome year to the nsxt, Fish ftended to remain in
the same stresm gection from one year to the next. Fish growth was somewhatl
less than state aversges,

Limited data on fish siomach contents suggest Tish cropped a wide vari
of aguatic organisms, Survival to haiching of iroul eggs placed in srtificis
redds averaged less than 50 percent in 1972 and €3 percent in 1973, Differences
in water temperabure probably csused the differential survival. ILimited dats
are given on spawning trout snd egg gurvivel in ths Googe Lske inlet sirean,
Acid mine dralnage at the head of the Stillweter Biver affects the river for
several miles downatrsan,

ety
izl

BACKGHOUND

Several thousand acres of mining claims are located along or near the
north edgs of the Besrtooth-Abssrcks ¥ountaln Renge in southcenirsl Montara

(Figures 1 and 2). Fxtensive mwning in this ares sesms 1ikely in the near
future, Chemicel and biclogical data on waters draining the sres were mostiy
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lacking, The overall goal of protecting aguatic resources was underiaksn
initially by chemical and biological surveys at stations both upgtream and
downstream from mining claims, Although sepmrated from the mein block of
wining claims, informsiion was alsc collected relative to mining claims
bordering Goose Lake and to acid mine drainage sntering the Stillwater
River nesr its head in the ares of Daisy Pass.

CRIECTIVES

Job objectives were to obtain the following informstion at stations
upstresm and downsiream from the complex of mining claims:

L. Baglc weter quselity data

<, Metal concentrationz in stresm sediment

3. Tumbers per square foot and species present in sirean
bottom fauns szamples

4. Fish population estimates

5. Metal concentrations in fish tissues

6., Information on organisms present in fish stomachs

7. Survival of hatching of trout eggs placed in artificial
redds

8, Limited biclogicel date related to acid mine drainage near ths
nead of the Stillwater Eiver, and to mining claims near Goose
faka,

PROCEDTRES
The report includes data collected from the beginning of this project,
July 1, 1971 to December 31, 1974, & period of 30 months, A future report
will include the remsinder of the data,

Samoling Stations

sampling stations were ssteblished at points upstrean and dowmstresnm
from the mining claims complex, Station locations sre given in Table 1.

Water and Stream Sediment Cuslity Sannling

Water ssmples for analysis of general parsmeters {(Table 2} were collected
at irregulsr itime intervels by obther deperiment persommel until October 1971,
Samples at stations 001-004 wers collscted quarterly from Novembsr 1971 to
November 1972, Samples at stations 005-011 were collected monthly from
October 1971 to September 1972 and in November 1972,  Stations 012-020,
023-027, 042, 044, 047 were sampled two tc four times per yesr from February
1972 to Wovember 1972. Station 043 was sampled pericdically from June 1972
to October 1973. Samples were colleched periodicelly at stations 038, 048,
051, 054, 055, and 058 from May 1973 to Uctober 1973. Stetions 021 snd 022
were sempled in May 1972, June 1973 end September 1973. Stream sediment
sanples and water sawples for pert-per-billion level metsl analysis werse
collected from Merch to October 1973,



TABLE 1. Iloccation of water, siream sediment, bottom fauna and szg
bicsasay sintions
Stetion
Number Stream T B o Deseription
o0z E. Hossbud River 75 17E 11 Adjscent o Jimmie Joe Cempground
002 E. Hosebud River 65 18E 16 At bridge
003 W, Hosebud River 68 17E 28 At Pine Grove Campground
004 W, Bosebud River 65 1I7E 2 At bridge
005 Stillveter River 58 15E 3z West chammel 200 yds upstreanm
from bridge st Woodbine Campground
006 Stillwater River 55 15E 15 West channel 1.4 road miles north
of the Mpuat Mill
007 W. Fork Stillwabter River 45 15E 33 At bridge
008 E. Boulder Hiver 38 13E 29 A%t Anderson Springs resort
009 BE. Boulder River 25  13E 323 At Ewen Campground 200 yds upstream
from mouth
010 Boulder River 43 12E 15 &t Falls Creek Campground
011 Boulder River 55 128 13 At Fleming Bridge
012 E., Fishtail Cresk 58 17E 19 A%t mouth
013 W, Fishtail Creek 56 17E 1 At mouth
014 Morrig Creek 63  18% 8 200 yds downatream from MacKsy
Hench house
015 Little Rocky Creek 58 16E 21 At road crossing nesr Little
Rocky Campground
016 Nye Creesk 583 15E 15 © road crossging 100 yde up-
stream from mouth
017 Initisl Creek 58 1LE 14 AL rosd crossing
018 Cathedrel Creek 585 14E 14 At rosd crossing near mouth
019 Tron Creek 58  14E 12 Near mouth
020 Picket Pin Cresk 55 14 3 Ab road crossing
021 Lower Desr Creedk. 28 15E 20 At road crossing nesr Netionsl
Forest boundary
022 Upper Deer Creck 25  14E iz At Rudd Cabin
023 Fast Chippy Creek 45  12E 1 AL road crossing near mouth
024, Blekely Creek 45 12E 25 At road crossing near mouth
025 Greham Creek A5  1ZE 23 At reoad crossing near mouth
026 Great Falls Cresk L5 12E 23 At mouth
027 Fglle Creesk 45  12E 23 Hegt channel st road crogasing
028 E. Rossbud River 58 18E 34 A%t Roscoe bridgs
029 W. Rosebud River 55 17E 23 A% bridge
030 Fishtell Creek 55 17E xz At bridge
031, Little Rocky Cresk 58 16E 3 At erossing of Highway 410
032 Stillwater River 43 16E 28 At USGS station 200 yds below
mouth of West Fork
033 Stillwater River 48 16E 28 At Moraine Fishing Access



TARLE 1., {continued)

034 Stiliwater River 48 1I7E 18 At Midnight Cesnyon Bridge

035 Stillwater River 35 18R 35 At Johnson Bridge

036 Wegt Fork Stiil¥§%er 48 14E 14 AL Hye Bridge, Sobth chammel

River
037 West Fork Stillwater 53 14E 14 At Tnitiel Creek cempground
River

038 Fast Boulder River 58 13E i1 0.5 miles upstrean from rosd
crogsing

039 Boulder BHiver 25 1ZE 53 At Bwan Campground 50 yerds
dowvmstresm from bridge

040 Boulder River 25 13E 1 A% bridge

041 West Boulder River 25 13E 15 At Mcleod Bridge

042 Silver Cresk 55 15E 15 At crossing of Highway 419

043 Verdigris Cresk 58 15E 28 At crossing of Highway 419

044 Mountain View Cresk 53 15E 21 At crossing of Highway 419

OLE Fiehteil Cresk 55 17E 9 At bridge 100 yards upsirean
from mouth of Bhsap Cresk

046 Fest Rossbud River 55  18F 15 it bridge

07A0 South Nye Cresk 55 158 15 At trail creossing 200 yards
upstream from mouth

048 Crescent Creek 58  14E 29 At treil crossing near mouth

049 fset Rosebud River 68 18E 30 1 rosd mile downstream From TO

Par Banch buildings

050 Boulder River AS  12E 25 it Clydehurst Ranch bulldings
051 Forge Creek 55 13E 2 At romd crossing near mouth
054 West Fork Stillwafer

Hiver 58  14E 30 - Near mouth of Lighbning Cresk
058 Verdigrig Creek 58 15F 20 At wood oulvert
053 Woodbing Creek 58 15% 32 200 yards upstresm from mouth



Maan
Ca 4.1
Mg 1.1
Na 0.9
¥ 0.8
Si 2.2
HCO 17.1
603 ]
OH #]
Ci 0.3
Sﬁé 3.6
§O3 0.3
F 0.0
pH (lab) 6.7
pH {field) 8.3
e 43
Dis. 30.5
Hard. i4
Alk. 14
D. C. 11,2
JTO 1
Zn £0.01
od 0.01
Cu 0,01
Ni £0,02
Fe 6.02
Mn 0.00

TABLE 2, Summarization of water

uality of malor streams

1971-72. %

Ezst Rosebud River Station GO1

No, of

Max, Min, Samples
3.7 2.0 g
i.5 0.6 9
1.3 0.5 E
1.4 8.5 9
3.0 1.0 9
24 15 9
t 4] G
4] g G
1.0 0.0 g
5.0 1.8 9
0.7 6,0 9
0.1 0.0 g
7.153 6,19 9
8.4 8.2 6
57 3z &
35.4 18,56 G
20 g i
20 £ g
iz.¢ 8.5 3
4 0 4
0.01 40,01 G
©.01 40,01 9
0,01 £0.01 g
0.0z .02 5
0,08 0,00 9
0.00 0,00 G

fast Rosebud River St

abion 0072

Mean
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ho, of

Max, Min, Samples
8.6 2.6 g
1.8 0.7 g
2.4 0.6 G
1.7 J.6 e
6.0 1.3 9
36 11 G
0 g 9
o it g
1.4 0.1 3
5.6 2.6 g
0.9 3.0 g
0.1 2.0 9
7.18 5,33 g
8.4 £.1 &
&0 iz G
59.6 1.7 9
25 10 B
30 g i
13,0 8.5 &
3 g &
8,01 {001 g
0,01 0,01 G
<G, 01 £0,.01 G
<0,02 <0.072 g
0.41 <6.02 9
0.01 .00 2

zﬁnits are milligrams per liter except as indicated

2Staadard chemical sbbreviations, and as follows:

Hard.

F° = Temperature, field
Dis. Sol. = Calculated Dissolved Soclids
= Total Hardness as Cal0
Alk. = Total Alkalinity as CaﬂéE

b, C.

= Dissclved Owygen, fisld
JTU = Turbidity, field



TABLE Z,

{rontinued)

Ca
Mg
Na
K

Si
HCO
c033
OH
¢l
50
NO
F
oH (1ab)
pH {field)
FG

Dis., Sol,
Hard.

Alk,

b. 0.

JTU

4
3

Zn
Ld
Cu
Ni
Fe
Mn

West Bosebud River Station 003

Mean

E

e

®

@

wd oy Y pes O g
[ o s BE ww BS W
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L )
pet ~d O3 L B2 O D

& @

€0, 01
{0.01
<0.01
€0.02
0.02
0.066

No. of

Max. Min. Samples
10,5 2.6 g
1.3 0.4 9
1.3 0.7 9
1.1 0.4 9
&,3 0.0 g
34 10 g
0 4] 9
0 0 9
1.4 0.1 9
6.2 2.0 g
2.8 Gg.0 g
0.1 0.0 g
7.22  6.24 g
8.3 7.9 6
57 Az 8
57.6 19.6 9
it 10 9
28 2 G
12.0 2.6 &
8 g 4
0.01 £06.01 9
<0.0L {0.01 9
¢0.01L (0,01 9
0,02 0,02 g
0.07  0.02 9
8.01  0.00 G

West Bosebud Biver Station (04

No., of

HMean Max. Min. Samples
5.2 2.6 3.3 9
6.9 i.4 0.6 9
1.3 1.9 0.8 9
0.8 1.2 0.6 9
3.6 7.6 1.0 G
20 27 15 9
0.1 1.0 4.0 g
g G O g
0.4 1.0 .1 3
b4 7ot 2.2 9
0.2 0.7 0.0 G
4.9 0.1 0.0 9
£5.91 8.42 £.34 9
&,2 B.4 7.9 5
44 66 3z &
36.8 48,5 8.1 9
17 26 1z £
17 2% 12 9
10.9 1z2.0 8.3 3
z 3 0 &
0. 01 G.01 .01 G
<0,.01 ¢0.01 {0.01 g
<001 0.01 {G.01 3
<83.02 {0,012 {0.02 9
G.03 G.12 0,40 9
4.00 0.01 0.00 9
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TARLE 2. {continued)

Stiliwater River Station 005 Stillwater River Station 006
Ho. of Mo, of

Mesn Max, Min, Samples Maan Max, Min, Samples
Ca 4.9 7.1 2.6 16 8.4 16.4 3.6 16
Mg 1.1 i.8 0.6 1% 2.0 1,1 0.7 16
Na 1.4 2.5 0.6 16 1.6 2.7 0.6 16
K 0.7 1.6 0.4 i6 0.8 1.5 0.4 15
51 4,6 7.3 1,3 16 5.0 9.0 1.3 16
HCO, 19 26 13 16 28 51 13 16
co, 0 0 o 16 0 G o 16
OH 0 o 0 16 o 0 G 16
o 0.5 1.5 0,2 16 0.5 Led ¢.0 i6
50 4,5 7.4 2.0 16 8.3 14,0 2.8 16
o2 0.3 1.0 0.0 1 0.3 1.0 0.0 16
g o 0.0 0.1 0.0 16 0.0 0.1 0.0 16
pH (lab) 6,81 7.24 6,32 16 6.88 8,12 6,04 16
pH {(field) 8,3 8.4 7.8 1 8,2 8.5 7.0 i3
we 41 55 32 15 43 56 37 1
Dis. Seol. 37.0 48,6 23,4 16 54,3 92,0 26,8 16
Hard. 17 71 11 16 28 51 iz 16
Alk, 15 22 10 16 23 42 10 16
D, 0. il.4 16,0 %, 5 12 10,9 13.4 9.4 i3
JTU 2 10 0 9 2 8 0 9
Zn 40,01 0.01 ¢0.01 16 £0,01 0.02 £0.01 16
cé £0,01 £0.01  <0,01 16 £0,01 0,01  ¢€0,01 16
Cu £0,0L 0.01 ¢0.01 16 £0.01 0.02  ¢0.01 16
Ni £0,02 £0.02 <€0.0z2 H €0.,02 ©.02  €o.02 16
Fe 0,06 0,20  0.00 18 0,06 0.24 0,00 16
Mn 0,00 0,01 0,00 16 0.00 0.01 0.00 16




TABLE 2., {continued)

West Fork Stillwater River Station 0067 West Fork Stillwater River Station 0%
Mo, of Mo, of
HMean Mex.  Min. Samples Mean Max, Min, Samples
Ca 13.0 21.5 5.0 i6 6.1 7.1 5.5 4
Mg 4.0 6.7 0.5 ig 1.9 2.8 0.4 4
Na 1.6 2.4 0.8 is 1.2 1.4 1.0 4
K 0.9 1.8 0.5 15 0.8 8,9 0.6 &
81 6.8 16,0 2.0 15 3.5 7.0 3.0 4
HCOS 57 o4 22 18 25 30 19 &4
CO3 0 i o it 4] ] 0 4
OH O 0 G 16 0 i 0 4
cl 0.4 1.1 0.2 16 0.8 2.0 8.2 &
SG& 5,4 8.6 2.2 16 5.8 .6 3.2 4
N03 2,2 1.¢ 0.0 18 0.4 0.7 0.2 &
F 0.0 g,1 0.0 ) 0.0 0.0 G.0 4
pH (lab) 7.28 8.32 6.38 ié 7.30 7.74 5.73 4
pH {field) 8.3 8.6 6.9 13 8.2 8.5 7.8 4
Fe 42 53 32 i5 41 43 ki) 3
Bis. Seol. 50.1 133,1 40,0 16 47.8 54.6 34,5 4
Hard, L8 76 21 is 24 28 1% 4
Alk, &7 76 21 18 20 24 16 4
D. 0. 10.8 12.8 9.0 12 10.0 10.5 9.3 &
JTU 0 2 0 10 0 2 o &
Zn £4,01 6,02 <£0.01 i8 £4.01 0.0 ¢u,0L 3
cd £0.01 £0.01 40.01 16 40.01 20,01 £0.01 3
Cu 40,01 0,02 40,01 16 £0.02 <0.02 £0.02 3
Ni £0,02 £0.02 £0.01 16 ¢0.05 £0.05 €0.05 3
Fe 0.1¢ 0.92 0,00 i6 0,04 .10 .00 4
M 0,00 .01 0.00 16 G.00 0.00 0,00 4

w1lw



TABLE 2, {continued

Faszt Boulder River Station 038

Ho. of
Mean Max, Min. Samples

Ca 3.8 6.3 2.0 4
Mg 1.4 1.6 1.2 4
Ha 1.4 1.3 1.4 4
K .6 0.6 0.5 &
Si 7.2 9.6 3.8 A
HCGS 17 24 13 4
ﬂ03 4] & g 4
OH 4] 3 4] 4
Ci G.6 1,2 8,3 4
SGQ 2.6 5.6 0.3 &
NGB 0.4 0.8 3.1 %4
F g.0 0.0 0.0 A
pH {lab} 7.68 8,53 7.30 4
pH {field) 7.9 8.6 7ebs 3
Fe 51 57 &4 3
Dis. Se¢l, 34,7 43,6 29,6 4
Hard, 15 21 i1 &
Alk, 14 21 il 4
T. G. 8.7 9.4 . 8.8 3
JTU 2 5 G 3
Zn - - - -
Ca - - - -
Cu - = = -
Ni - - - -
Fe G.03 0,10 0.00 4
Mn 0,00 0.01 .00 4

Hast

Boulder Biver

Station 008

No. of

Mean Max, Min, Samples
23.8 32.0 10.4 16
5.7 6.9 2.0 15
1.4 2.0 4.8 148
0.5 1.¢ 0.2 16
&, 7 16,0 2.6 i6
g9 122 36 ia
o Z B 1é
0 g & 1o
0.3 1.6 0,0 16
7.0 1z.2 1.8 is
0.4 4.8 0.0 i
0.0 8,1 g.0 16
7.65 B.41 G.B2 i
8.5 8.6 8.0 i3
40 52 32 16
142.0 180.1 63.0 in
82 105 35 i6
78 164 29 16
11.0 12,1 9.2 12
H 5 0 0
041 6,01 £6.01 i&
£0,01 £0.01 £6.01 16
£0.01 £0.01 €0, 061 16
€0,02 £0.02  £0.02 16
6.02 8,17 0.60 15
8,00 0,01 0,00 1a

11



TABLE 2, continued)
East Boulder River Station 009
Ho, of
Mean Max. Min. Samples

Ca 41,6 55,0 17.% 1%
Mg 9.5 15,3 2,2 15
Na 5.8 12.7 1.6 15
K 1.2 2.5 0.5 16
si 7.1 i1.0 3.2 1%
H203 141 178 54 i

CGE 0 5 4] 16
OH ] 0 0 15
Cl 1.4 3.3 0.3 16
304 44,0 63,0 9.4 16
N03 0.3 1,00 .00 16
F 2.0 .2 a,0 16
pH {iab) '7.92 8.48 7,00 16
pH (field) 8.4 8,7 7.6 13
Fe 42 58 33 16
Dis. Sol, 253,12 324.9 97.7 i%
Hard. 130 196 57 16
Alk. 1i6 158 48 15
D. 0. 1L.1 12.4 9.3 12
JTU 4 20 0 10
Zn £0.01 0.0L5 £5.01 16
Cd £0,01 £0.01 <¢0.01 is
Cu £0.01 £0,01 0,01 i5
Ni £0.02 £0.02 0.0z 16
Fe g.11 0.55 .00 16
Mn 0.00 .02 0,00 16

= 2w



TABLE 2, {continued;

Boulder River Station (14 Boulder River Station 011
Mo, of Mo, of
Mean Max, Min. Samples Mean Mad, Min, Samples

Ca 9.0 13.2 4.8 16 8.7 i4,2 4.8 11
Mg 2.2 3.5 0.8 15 2.2 2.8 1.4 il
Na 2.0 2.8 1.G 16 2.0 2.8 1.0 i
K 1.2 2.1 0.6 16 1.0 1.5 0.6 11
Si 7.7 11.6 3.0 18 9.0 i1.0 3.2 il
HCG3 37 54 23 is 36 47 24 11
CGS Y i a3 i6 o & 0 i1
OH g 4 O is G & 4] 1

1 0.5 1.5 0.1 i6 G.4 0.8 0.1 i1
SG& 6.3 1i.4 2.8 i6 5.8 16,4 2.8 it
NO3 0,2 0.8 5.0 16 4.3 0.7 g.0 it
F 0.02 2,13 4,00 i6 9.01 0,17 0,00 ii
pH {lab} 7.5 8,34 6.53 18 717 7.94 6. 46 11
pH {field) 8.4 3.7 2.3 13 2.4 8.7 8.2 i
e 40 34 3z ig 41 52 31 10
Dis, Seol. £9.9 £29.9 40,6 16 65,53 86,0 44,8 il
Hard. 31 46 20 is 21 4y 20 1l
Alk, 30 44 ie 16 30 29 20 11
D, 0, 11. 12.0 8.% 13 10,7 12.90 G.1 11
JTy 3 g {3 G H 7 { a8
Zn £0,01 0.01 £0.0% 16 £0,.01 0,01 £0,01 1
d £38.01 €001 ¢0.01 i €0.0} £0,01 £0.01 11
Cu £0.01 £06.01 <€0.01 15 £0.01 £0.01 {001 i
Ni <0.02 €0,02 20,02 i8 £0.02 £0.02 £0.02 11
Fe 0. L0 0,68 0,060 is 0.07 3,27 0,60 11
Mn .00 0,02 .00 ie 3,00 8,01 0,00 i1

w13



Values for temperaturs, bturbidity, pH, snd dissclved oxygen were oblained
in the field, Temperature was measured with s pockel mercury thermomster,
Turbidity and pH were messured colorimetrically {(Hach Chemical Co. Field unit
Model DR-EL)., Disgsolved oxygen was mesgured by the Winkler method,

Other parameters were analyzed a2t the Montana Burssu of Mines snd Geclogy
laboratory in Butte wnder contract sgresment with the Montans Pish and Ganme
Department, Field procedures used were suggested by laboratory personnel,

Weter gamples were collscted in plastic bottles after thres ringingg with
river water at the sampiing site. Bottlss for non-meteis analyses were filled
to capacity to prevent sir contact. One percent {by volume) of concenirated
nitric acid was added in the field to bottles of waler for metsls anslysis.
Water samples for part-per-billion level dissolved metsls snelysis were
fiitered in the field, prior ic acidification., Filter pads of 0.4% micron porse
gize obtained from the Gelman Inmgtrument lo. wers used for filtration.

Strean sediment ssuples for metals analysis were collscted from the upper
inch of sandy or silty depogits a2t sach station., Sediments were transported
to the laborstery in cloth bags., Prlor to analysis in the laborstory samples
were screened through material of 100 meshes per inch (0.0059 inch opening
size). Only meterisls passing through the screening wers retained for analysis.

Stream Bottom Macroinveriebrates

Bottom macroinvertebrates were sampled with & sguare foct gzampler alightly
rodified from that described by Weters and Knapp (1961). One riffle sample
per station was collected in August or Cotober 1970 and in April 1971, Three
gamples per sitation were collected at later sampling dates.

Verious non~rifflie habital types were sampled with a Needhasm hand soreen
to collect gpecies not present in riffle samples., These samples were collected
in May and November 1972 from stetions on major streams and in August from
tributary streams,

Semples were pressrved in the fleld in 10 percent formslin and sorted to
order (insects) or other taxonomic group for non-insect orgenisms st the Depart
ment of Fish snd Geme lsboratory in Helema. The number and volume of organisms
were obltained for each texconomic group in each sample., All organisme were pre-
gerved for possible future identification o taxs,

Fish Studieg

Population estimates were made using methods similar to those described by
Vincent {1971), A computer program was used to meke the reguired celculations,
The baslc technique involves capituring fish by slsctrofishing in & siream section
and marking them in s manner recognizable at & future date, e,g. fin clip.
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ction, noting
ction were given
wwn in Table 13},
the nearest 0,01

Several deys later fish ere again caplured in the giresm s
whsther or not each fish is marked. Fish in each streasm s
a distinctive permenent mark each vear {fins vemoved srs z
They were aged from scale impressions, Fish were welghed
pound and total lengths were tsken to the nearest 0,1 inch.

@ B

c"?" s

Figh gtomach and fish for metals analysis were collscted during the last
recapture run with the exception of ssction F-17 on the West Fork Stillweter
River. Fisgh for mstals snalysis were collected September 1973 from this
section. Fish sztomschs were preserved in formelin snd stomsch contents wer
identilied to order, Fish collscied for metals snelysis were frozen the dey
of collection and lster shipped on dry ice by air freight to the Eavironmental
Protectlon Agency laboratory in Demver, Colorado where the analysis was per-
formed.

For Bicssasvse

Hggs were buried in artificial redds to determine survivel rates during
the incubation period, Redds were built by excavating the strsam bottom in
riffie areass io & da@%h of 12 bto 14 iﬁﬁh@sg leaving s semi-spherical depression
approximately 2.5 feet in diemeter, This was filled with clean gravel aversging
0.84 inches in diameber.¥® Redds were allowsd to settle and stabilize st least
twoe weecks bsfors egg placement,

Byed cutthroat trout sggs wers oblained from the Monitens Fish and Came
Department Yellowstone River Trout Hatchery at Big Timber for sgg bicsszasys
in 1972. For 1973 biossssys eyed rainbow trout eggs were obtained from Ennis
Natlonal Fish Hatchery al Fanie. On both oceasions sggs were placed in trays,
covered with crushed ice, end placed in artificial redds the same day they were

taken from the hatcheries,

Two different typea of egg containers, both constructed to retain fry
after hatching, were used to coniain eggs in redds. 4 fe* egge wers piac
small perforated vials which were removed perlodically to determine when hatching
had occcurred.

B

Three containerg made of plastic soreening were filled with 100 eggs each
and buried four to six inches deep in each rsdd, Qfa?ﬁl chips were placed in
the screen containers in 1973, but not in 1972. The redd at station 007, 1973
wag not gtable. Most of the gravel washed awsy betwesn the time the redd was
constructed and the day of egg placement, As an emergency measura the screen
containers were placed on what 1ittle remsined of the gravel from which the redd
hed been built and largs (two to four inch) gravel was collected from the siresm-
bank and placed over ithe conteiners,

After hatching the screen containers were removed and the mmber of fry
wers counted,

* Diemeters measured on gravel used in 1973, Gravel used in 1972 was of
gimilar size,



Stillweter River Hesdwalers fAres

Fish were seived from the Gooze lake inlel glresm in JFly, 1972, Fish
spgs were removed from natursl redds by loogening the gravel with s shovel.
A hand scrsen was held dovnstresn from the redd to capture esgs removed. Other
procedures in this ares were with methods and sguipment previously described.

FINDINGE

General Chemleszl Wabter Ouality

Date for gensral waber quality parameters are shown in Tables 2 through 7.
Locations of sempling statlons are given in Table 1. Strean locations are
indicated in Flgures 1 and Z.

Waters are of the caleium bicarbonate type (Lypical of fresh water), very
goft to moderately hard, and generally low in dissclved materisl. A few stresms
have moderats levels of dissolved meterisls, thsse are: Silver Creek (spring
source), Upper and Iower Deer Ureeks, and the lower reaches of the Eagt Boulder
River. In gemeral, humsn sctiviitiss have probsbly modified water guslity very
little., Verdigris Creek {Stillwsbter River tributary) is an excepiion.

At giation 043, nesr the mouth of Verdigris Creek, nickel and copper wers
as high ss 0.59 and 0.14 mg/liter, respectively (Table 4). Howsver, at gtation
055, which is approximetely one mile upgiresm, these metels were below detection
limits for all ssmples (Table 4). Betwsen these two stations the gtream passes
through = gossan (ares of decomposed rock of rusty color dus to oxidized metal
pyrites). Ome water sample was taken from z spring that emerges from the base
of the gosssn and enters Verdigris Creek. In this semple nickel and copper
velues were 0.68 and 0,31 respsctively. The gossan snd probably this spring
contribute the greatly elevated amounts of metals found in Verdigris Creek near
its mouth., This is nol a neturel chemical situation, but & result of netural
and unnaturel causes. The gosssn surfsce has undsrgone considersble disturbance
from road building, At amy rabe, water quality in Verdigris Creek is good
upstrean from the gossan.

Both Nye and South Nye Oresks are £illsd with mill tsilings whisch have
blown in from the Movat tailings pond locaied & few hundred yards upsitrean,
This has had no obvious sffect on water chemigtry in these twec streams, but
the natural stresm botloms have been almost completely desiroyed in the lower
0.5 3o 0.75 miles of ithess streams,

Tables 2 through 7 indicate discrepancies between field and laboratory pH
meagurements of 1.0 to 2,0 units. ILaboratory values were always lower. Labore-
tory measurements were made one to two months following sample colleetion, whilse
field pH was measured within s few minutes after sample collection, To find out
which set of pH values was correct, a simultsnecus compariscn of laboratory and
field pH meters was mede on water that had been collected the day before (Table
8). Samples were collected Jamuary 24, 1973 and messurements made on Januery 25,
1973, There wasz good agreemsnt betwsen the two melers when measurements were
made at the same time and soon efter gample collection. Velunes of pH were in the

~16~
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TABLE 3. Summarizatfion of water gquality data for stations on Bosebud tributariss, 19772.°
East Fishtail Creek West Fishtall Creek Morris (reek
Station 012° Station 013~ Station 014~

Max, Min, Mean Max, Min, lean Max.  Min,
Ca 10,8 1.2 5.1 8.7 3.0 16.5 0.0 1.8
Mg 3.8 3.8 1.1 1.6 0.6 3.6 4.8 7.2
¥a 3,7 2.5 1.9 2.5 1.0 12.0 17.0 7.0
K 0,71 0,61 0,69 .80 0,480 1.4 1.4 3.7
%1 11,4 .7 7.9 1t.0 5.0 i6 is 14
HCQS 55 52 22 32 135 g2 i1E5 66
CQB 0 0 & §] O # 0 0
OH ] O o o g g 4] 0
Cl 0.5 0.4 4,3 0.6 0,1 G.8 1.3 0.3
SGé 6.0 &.2 4o b 5.5 2.6 5.6 2.6 2.0
NO, 0.7 0.0 0.4 0.8 .0 0.4 1.0 6.2
F Gg,0 8.0 g.4 0.0 0.0 G.1 0.2 .0
pH (lab) £.75 .65 &.54 7,18 6. 40 7.08 7.11 6.90
pH (field) 8.3 8.4 8.3 8.5 8.1 8.4 B.4 8.3
Fe 41 32 40 52 2z - 45 74 32
Dis. Bel. 89,2 86,0 43.9 61,7 Z8.3 130.4 IB7,4 103,58
Hard. 43 41 i7 25 LG 54 7o 39
Alk, 45 43 18 27 Z 7B B4 54
0,0, 11.5 0.4 10.7 ii.6 9.4 18,7 12,1 7.1
JTU 17 5 1 5 4 1 A5 ]
Zn 0,01 £0.01 £0,01 3.015 £0.01 £0,01 0,01 £0.01
cd £0.0L 20,01 0,01 <0, 01 £8.01 £0,0% £0.01 ¢0.01
Cu £0,01 £0.01 £5.0L  £0.01 <G, 01 £0,01 £0.01L 0 £0.01
Wi £0.02 £0.02 £0.02 £0.02 £0,02 £0.02 C8,02  £0,02
Fa 6,21 0,06 0.02 0,405 4.00 0,71 1.0 0,46
Mry 0.00 &, 00 .00 4,00 .00 0,10 .38 0.00

L. s .
Units are milligrems per liter except as

22 samples - mean nobt caloculated

3
4 samples

indicated



TABLE 4. Summarization of water qaaiity data for statioms on Stillwater
Hiver tributavies, 1972-73,

Little Rocky Creek bve Creek Silver Creek
Station 015 Station 0162 Station 042°
Mean Max, Min. Mean Max, Min, Max. Min,
Ca 14,3 i8.2 11.2 2.4 - 10.4 8.7 50 49
Mg 4.5 5.6 3.7 7.6 7.7 7.5 18.0 i7.8
Ha 1.8 2.4 1.5 2.0 2,2 1.8 2.3 i.9
K 0,30 0.60 0,38 0.45 .60 0.31 0,76 3,59
51 ic.5 12.8 5.7 i7 18 i8 12.8 8.6
ﬁCﬁs 67 a0 54 &7 69 G4 147 143
CO3 G 0 ] o O o 4] 0
OH G 0 & & 4] 0 0 o
Ci G.2 0.4 0.0 0.1 0.1 G.1 0.4 g,1
SOQ 4.8 7.9 Z,0 5.9 7.9 6.4 T 74
N03 0.4 0.7 0,.0°¢ 0.7 1.0 4.0 2,9 0.2
F 0.0 3.0 0.0 0.0 0.0 3.0 0.2 0.0
pH {iab) 6.73 6.77 .69 £.97 7.16 6.78 8,42 7.28
pH (field) 8.3 8.5 g.1 B.5 2.5 8.4 8.6 2.6
Fe 41 34 32 42 51 32 &0 50
Dis, Sol. 163.9 128.6 86.3 ili, 113,17 105.1 304.5 300,86
Hard. 55 68 44 o1 &7 53 159 185
Alk, 55 &5 44y 33 57 52 136 121
0. 0. 1.6 12.8 8.2 10,4 12,3 2.2 9.6 5.6
JTU 2 7 O 2 5 G o 0
Zn 0.01 0.01 <£0.01 £8,01 0,01 «0.01 6,01 g,01
Cd £0.01 20,01 £0.01 £0.01 £0.01 £0.01 £G.01 £0.01
Cy £0.01 €G.01  £0.01 €£0.01 £0.01 <0.0% £0.01 £0,01
Ni £0.02 <0.02 <€0.02 £0.02 £0,.02 £0.02 £ 0,02 £0.02
Fe 0.05 0.1t 0.00 G.71 0.53 .00 .04 3,03
Mn 4.00 .01 0,00 0,00 0,81 4,00 0,01 0.00

iﬁnits are milligrams per liter except as indicated

2 3 samples except for 1ab pH which is 2

Z samples

2 samples except for lab pH which is 1

7 samples except & for Cadmium, Wickel, Copper and Zinc

4 samples except 3 for Cadmium, Nickel, Copper, Zinc and Temperature

2 samples except Silics which is 1
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TABLE 4.,  {coptinned
Mommtelin View (resk
Station 0444

Max, Min,
Ca i7.4 15.0
Mg 17.9 12.2
Na 4.0 2.9
K 0,70 0,70
Si 0,21 0.16
HCO, 136 102
co, o 0
on” 0 0
¢l 2.0 0.0
SGé 11,0 7.2
N0, 2.2 0.3
F 0.0 0.0
pH (lab) 7.00 -
pH (field} g.5 8.8
Fe 52 36
Bis. Sol, 208.8 157.0
Hard, 118 ag
Alk. 112 84
D.O. 11.2 5.0
JTU 10 o
in G.01 0,01
Cd 40,01 €0.01
u €0,01  <0,01
N €©.02  ¢0,02
Fo 0.21 0,16
Vi 0,00 .00

South Nye Creek
Station 047°

Max, Min,
17.9 £.8
9&8 6@8
3,5 1.8
0.52 0,46
1%.5 16.0
103 pla
¢ O
0 0
0.8 0.5
9.0 4.8
0.8 0.0
0.0 0.0
7.64 7.26
A 8.4
L9 37
163,1 57.8
85 50
g3 L8
10.8 G,%
12 5
0,01 0,03




TERLE 5. Summarizetion of water gquality data for stations on ¥Yest Fork
Stillvater River tributeries, 1972-73,%7%3
Tnitial Cresk Cathedral Cresk Iron Cresk
Station 018 Station 019
Max, Mim, Max Min Mex, Min,
Ca 34 23 4ol 3.5 21,0 10.7
Mg 11,3 8,2 2.9 2.8 4.5 2,9
Na 2.1 1.4 2.1 1.6 1.7 1.0
K 0.41 0.33 0.48 0,33 0.78 0,28
51 11.4 10,0 10.0 8.6 10.0 8.7
HCO, 154 i1z P 27 87 48
co, 0 0 0 o 0 0
O 0 O 0 G 0 Q
C‘L G%Q {Egg Ge?; {}‘3"3 {393 {}e}
50, 7,8 1.6 3.9 2 4 5.4 2.6
§03 0,1 0.0 0.2 0.0 0.2 0.0
0.0 0.0 0.0 0.0 0.0 )
pH {3%332 7.46 - 6.45 - 5.55 {};
§§ (fleld) g.6 g 6 .3 82,3 £,3 7.7
s, Sol 36 3z 36 32 35 36
is. Sel. 20,4 156.5 50,4, 8.2 171.1 T ©
Hard, 130 - o
4 S0 22 20 3 35
Alk. o 4
o 126 g2 23 22 72 39
j":{‘i}. 10.8 9 7 10,8 2.7 10,0 5.0
4 G 2 G 7 O
Zn 0.01  <0,01 0,01 £0.01 0,01 €0.01
ba £0.01  ¢0,01 €0.01  ¢£0.01 £0,01  €0.01
g? 40,01 £0,01 €0.01  40.01 €001 <€0.01
;} £0.02 40,02 €0.02  ¢0.02 €0.02  <0.02
}é 0.06 0,02 0.06 5,00 0,06 0.06
0.01  g.01 0.01  o.00 0,01 0.01

1 z o
Thits are willigrems per 1iter except as indicated

22 samples per station except for lab pH which is 1

E 2 samples except 1 for Zine, Cadeium., Copper and Nicksl



TABLE {continued
Picket Pin Uresk (rescent Creek
Stabion 020 Station 8483
Mazx, Min, Max, Min,
Ca 15.0 10.7 6.5 5.1
Mg 3.0 1.4 g.2 8.0
Na }.u? E.oB ﬁgg Gg§
7 0,19 0,16 0,5 0.4
Si 8.7 8,6 15.0 15.0
HGO, 55 40 5G 52
co, O o 0] 0
OH” o 0 0 0
Cl 0.3 C.3 0.7 0.2
SGQ FA 2.0 7.3 3.8
NG3 0.3 0.0 5.3 0.0
F 0.C 0.0 5.0 0.0
pH (lab) 6,50 - 7.01 6.87
pH (field) 8,6 8.2 8.5 8.4
Fo 36 32 ﬁ{; 42
Dis. Sol, 88,7 6.6 98,5 86.1
Hard, 49 32 54 46
Alk. 45 33 L8 43
D.0. 10,3 9.7 9.6 .0
JTU 7 0O é 1
in 0.015 £0,0L 0,01 -
Cd €0.01 €0,01 ¢0,01 -
G”»} ¢0.01 ¢0.,01 £0.01 -
Ni ¢0,02 €0,02 £0.02 -
Pe 0.05 0.02 0.55 0.10
Mm 9.92 geOG GEGB 0’0(}

"D
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TABLE 6, Summarization e? wavs“ guality data for stations on Boulder Hiver
tributaries, 1972,1s

Fagt Chippy Creek Blakely Cresk Graham (resk
Station 023 : Stetion 024 Station 02
Max, Min, Yz, Min, Mex, Min,
Ca 10.8 8.3 12,2 2.9 13.7 9.9
Mg Aol 3.0 8,0 4.9 3,8 1.9
Na 0.83 C.83 1.4 1.0 2.2 1.3
s 0.67 0.8 0,32 0,26 0,20 0,18
S 10.0 2.5 11.4 G.5 11.4 8,3
HCO4 42 33 T4 (3 61 38
00 0 O 0 0 o o
OH 0 0 0 0 0 0
c1 0.4 0.3 0.7 0,6 0.7 0.5
S0y, 14.3 6.8 6.3 bk 5.4 3.2
NO=2 0.8 0.1 0,2 0.1 0.4 0.0
¥ 0.0 .0 43,0 0.0 0.0 0.0
pH {(1sb) 6,82 - 7.08 - £,79 -
q (field) 8.5 2,2 8.5 8.3 8,5 8,1
FO 40 3 éﬁ 32 40 32
e 24.0 53.9 114.3 80,7 98.6 40,0
dard. 44, 73 €3 45 49 32
AT, 34 27 61 1 50 31
.0, 12 10,5 11.9 i,z 11.6 10.3
7Y 1 8 0 0 X 0
7n 0.015  ¢0,01 0.01 £0.01 0,01 £0.01
cd £0.,01 £0.01 £0.01 €0,01 €0.01 <0.01
Cu 0,01 ¢0.01 0.01  ¢0,01 €0.01 10.01
Wi £0.02 40,02 £0.02 £0.02 €0.02 £0.02
Fe 0,02 0,02 £.02 0,02 0.50 0.02
Ma 0.00 0,00 6.01 0.00 0.00 0.00

Units sre milligrams per liter except as indicamted

2 samples per station except for lab pH which is 1 at stations 023, 024 snd 025

=7 L



TARLE 6, {continued)

Great Falls Crask Falls Cresk
Station 02 Station 027
Max, Min, Max, Min,
Ga 65’{!— :{5.52 ?eg z&aé
Mg 0.8 0.0 1.2 1o
Na 2.1 1.1 3.0 1.1
¥ 0.9 0.9 1.0 {}'g
s1 8,6 5.9 71 e
HCO4 16 1 52 17
GO 0 0 0 0
G 0 O 0 q
Cl 0.3 0.2 1.5 0.2
S0, 11.6 6.6 12.0 AGG
NO5 0.6 0.0 o8 o
¥ 0.0 0.0 5 o
pH (1&b) 6:66 6@3'? 7,17 6 377
pH (field) 8.4 7.8 g 4 82
F 49 32 40 32
Dis, Sol. 56»9 3398 5%@2 5.4
Haré, 16 lé 24 15
Alk@ -,.13 i1 18 1&
0.0, 10,6 16,1 11.8 10.5
JTT 2 0] 5 0o
Zn 0,01 £0,01 0,01 (G,Gl
Cd £0.01 ¢<0.0C1 £0.01 £0.01
Cu ¢0.01  ¢0.01 0.01  €0.01
Ni £0.02 40,02 €0.02  ¢0.02
Fe O,QS Ga{}z {}aog G.GE
M 0.00 0.00 0.00  0.00

=y



TEBLE 7., S cization of water quality dats for stetions on miscellansousg
tributary str 1972-73,+
Forgs Creek Upper Deer Cresk lowsr Deer Cresk
Station 05172 Stetion 0222 Station 0217
Hean sz Min Mean Max Min, Mean Max. Min
Ca 3.4 o9 1.3 34 42 28 7 35 23
e 3.3 3.4 3.2 5.2 6.3 4.3 41 5.0 5.4
Na 0.8 0.9 0,7 L.8 6.8 3.4 4.0 5.8 3.0
Lt 0.3 0.4 0.2 0,41 0.45  0.39 0.3,  0.40 0.28
51 8.1 9.4 6.9 12.6 13.7 iz 12,6 14.0 12.0
004 23 27 20 120 149 100 o1 123 4
o 0 0 0 0 0 5 0 0 0
0 0 0 0 0 0 0 0 0 0
Cl 0.6 1.0 0,2 0.4 0.6 0.3 0.7 1.6 0.2
50, 4.0 6.3 2.0 16.7 24, 12,2 13,73 19,0 9.5
N 3 0.2 0.5 0.0 0.1 0.2 0,0 0.3 0.7 0,0
F 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 0.0
pH (1sb) 7.38 758 7.16 7.62 8,20 7.13 7.55  7.98 7.34
pf (£ield) 7.9 8.5 7.3 8.5 g.6 8.3 8.4 8.5 8.4
” A7 50 4. i 29 43 45 48 42
Dis, Sol.  43.8  49.1 345 195.0 243.5  160.9 161,5  204.6 137.2
Hard, 22 25 17 106 123 87 85 107 71
Alk. 19 22 16 99 123 82 20 101 &9
D. G. 9.0 9.8 8.4 10,0 10.3 9.8 10,2 10.5 3.8
JTU 7 13 0 g 12 5 3 5 o
Zn €0.01  40.01  ¢0.01 - ¢0.01  ¢0.01 -~ €002 40,01
Ed €001 éﬁagi £0.01 - 0,01 €0.01 - £0.01 £0.01
U1f~ €0.02 40,02 g0.02 - £0.02 20,02 - £0.02 £0,01
Ni ¢0.05 €0.05 40,05 - €0.05  £D.05 - {0,058 £0.02
Fe 0.04 0,10 0,00 0.17 0.37  0.01 0,06 0,10 0.02
¥ 0.00 0,00 0,00 0,00 ggé@ 0,00 0.00 0,08 0. 00

1 .
Tnits sre milligramsg per liter except as indicsted

N

“
2 samples

3 . ' . - oo
3 semples except 2 for Zinc, Cadmium, Copper and Nicksl



TABLE 8, Comparison of pH measurements made sgimiitansously with
laborstory gnd Tield instrumentg

Field leboratory
Stresn Station  Instrument Instrument Difference
West Rosebud 004 7.98 7.91 +3. 07
Stillwater 006 g,12 8,13 -0, 01
West Fork Stillwater oo7 8.45 8.24 +. 21
East Boulder o9 8.53 8.46 +0.07
Boulder 010 8,05 8,11 -0, 06

T



range 7.9 - 8.5, sgreeing with previous field measurements. Apparently pH
values decreased considersbly between time of collection and time of leboratory
mesgurements., The conclusion ie that of the pH values in Tables 2 through 7,
the Tield measurements rather then the lsboratory measurements indicate true

pH values in strsemg.

Dissolved and Susvended Metsl Concentrations

Pari-per-billlon level analysis was done for dissolved and totel (sugpended
plus dissolved) metal cencemtrations at stations on (Table 9},
Even with the low dstection limits, meny samples did not contae’dn detectabl
concentrations of gome metals. For all stetions and metals the relative T
portions of dissolved and suspended wers varisble, For the higher values, most
of the total wes in the suspended rather than the dissolved frastion, Iven the
higher wvalues in Ta&ble 9 are relatively low and indicstive of vlean, uvomodified

waber gualily.

treem Sediment Cusliity

3 o

Concentrations of metals in stream sed
similar to values for the Farth's crust. These values ss given by Wolfe and Rice
(1972) ere (in parts per million): Copper, 45; Hickel, 80; Lead, 15: Cadmium,
0.2; Zine, £5; Iron, 50,000. The similarity of thess values t0 those in Table 10
suggesis a relatively wmmodified condition in the study sirsams. The values for
Nickel at station 006 on the Stillwater River seem to bs an exception., The
probable gources of apparently elevabed nickel coneentrations are Verdigris Creedk,
e gmgll tributsry carrying high nickel concentrations, and mill teilings, both
a ghort distance upstream from station 006,

. : o oy — -
iments {Table 10) are surprigingly
‘

In general, values for all metals are somevhat lower at stetions on the Hast
and West Rosebud Rivers,

Strean Bottom Faunns

The generally pollution sensitive inssct orders, Flecoplars, Tricopteva, and
Ephemeropters typlcslly constituted the bulk of organismg in boittom fauna samples
{Tebles 11 and 12). These thres orders usually made up 60 to 90 percent of
organisma in eamples.

Variability in numbers and volume of bottom fauns wag high st most stations,
but probably no mwore g0 than is cherscteristic of these organisns, Needham snd
Usinger (1956) took 100 cne square foot samples from a single riffle, Numbers
of organisms per sample ranged from 2 to 198, Dats of this atudy ars probably
less variable than that reported by Heedham and Usinger (1954). w .

Congidering the 29 stations on larger streams reporited in Teblse 13, relative
richness of the bottom fauna is intermedists, Uging & "richness index" developed
by L@gier (1956) which congiders numbers and volume of organisms, seven stations
are "poor”, sixteen rste "average richness’ snd six "exceptional richnsas", Of
the seventeen stations on tributary streams (Table 11) a1l but one rate fooor?,

=2 -



TABLE 9, Total and dissclved concentrations (parts-psr-billion) of metals for
gamples collected at 11 stations in 1973,

Collection COPPER LESD HICKEL CADMITM
Date Total Dis, Total Dis, Total Dis Total Dig

March 7 1 &5 <5 21 45 ral <1
May 3 {1 10 <5 £5 £5 £1 <L
July £2 42 £5 ¢5 <5 <5 1 <1
August {2 {2 {5 &5 £5 €5 €1 41
September 4 3 5 2 4 £1 €1 £
Fast Rogebud River-Station 002-A% Bridee
March 7 i 5 5 11 5 {1 £1
May 6 1 6 3 iz 5 £1 ral
July 6 6 €5 <5 &5 €5 €1 <1
hugust 2 £2 &5 £5 5 <5 {1 <1
September 3 2 10 £1 3 2 <1 <1
Weat Hosebud River~Station 003-Pine Crove Camperound
March 5 1 £5 £5 24 é5 £1 £1
May 5 &1 €5 €5 {5 &5 <1 {1
July 2 2 ¢5 €5 <5 &5 <1 €1
August €2 €2 &5 25 45 £5 L1 £1
September 3 3 7 3 5 <3 €1 41

West Rossbud River-Station 004-First Bridge Below Pine Grove Camperound

March 19 1 <5 &5 11 <5 <1 <1
May 9 1 ¢5 &5 £5 £5 ¢1 pal
July 6 4 <5 <5 <5 ¢5 ¢l el
August 42 22 £5 45 &5 £5 ¢l <1
September 9 2 9 1 6 2 <1 <1

Stillwater River-Station 005-Woodbine Campground

March & 2 £5 <5 15 £5 <1 1
May 17 3 &5 ¢5 {5 &5 s1 {1
July &2 &2 <5 <5 £5 25 £1 €1
August 3 3 {5 <5 £5 ¢5 <1 €1
September by 4 1z &1 4 2 ¢l <7
October 3 1 4 3 €1 €1 €1 <1

~28



TARLE O, {continued)

Collection COPPER LEED NICKEL CADMITM
HESE: Total Dia Total Dis, Totsl Dig Total Dig

Fillweter River-Station 006-1.4 miles Below Moust ¥Mill

March 3 3 €5 {5 16 5 1 <1
May 6 2 €5 ¢5 7 7 £3 <1
July 7 €2 £5 <5 £5 <5 1 <l
Eugust 4 2 &5 <5 £5 £5 <l <1
September 3 3 5 £1 6 2 L £.1
October 5 §1 5 z €1 <1 <1 3!
West Fork Stillwster Biver-Station 007-He Grant's Cabin BEridpe
March 2 pi 5 5 G &5 £ <1
May 3 1 45 £5 z0 £5 £ Fa
July 4 £7 {5 £5 5 &5 £1 41
Augusgt 2 2 ¢5 25 £5 5, £3 i
September 4 3 3 <1 1t 21 41 £1
October 4 £1 11 3 21 €1 £1 €7
Fast Boulder Biver-Station (38-Placer Basin
September A 3 5 2 1t ot €1 €1
October 3 i ! 4 <1 <1 &1 £1
fest Boulder River-Station Q08-inderson Sorins
March & P 45 £5 22 £5 <1 <1
May 26 £1 €5 25 23 &5 £1 €1
Jaly 2 2 <5 Z5 &5 &5 <1 <1
August 5 3 &5 <5 £5 £5 el 1
September 2 2 8 3 £1 1 21 £1
Oetober L 2 i1 5 £1 £1 £1 £1
Boulder Hiver-Stetion 010-Falls Creek Cammeround
March & 1 £45 £5 S %5 &1 i
May 4 41 <5 {5 <5 €5 &1 €1
July 3 2 5 £5 10 £5 €1 L1
August 42 €2 £5 45 7 €5 £1 &1
September 2 z g g1 £1 41 4 1
October 4 Z1 & 2 £5 £ <1 21
1

rror of unknown sourcs



TABLE 9, {continued)

Collection COPPER LEAD NICKEL CADMITR
Dete Tobal Dis, Total Dis, Total Dis, Total Dis,

Boulder River-Stetion Qll-Flemming Bridee

March 18 P 9 7 18 £5 £1 £
May 2 1 {5 <5 L5 <5 £1 €1
July 2 2 £5 €5 €5 €5 £1 £1
August 2 2 €5 £5 ¢5 45 L &1
September 2 1 4 £1 ra €1, £3 <1
October 2 i 5 3 £1 {1 £ <7

«30~



TAELE 10,

-

Comoentration i;&rﬁsw§a?nﬁizlian} of metals in stream sediments, 1973,

Collection®s> .
Date Cooper Hicksel Laad Cadmium Zine Tron (X 107)
Eset hosebud River-Stetion 001-Jimmie Jos Camperound

March 19 30 15 1 27 15,000
My 20 32 16 £1 34 15,000
July 2L 35 19 1 57 29,000
August 20 31 19 21 36 26,000
September 22 35 32 ral 39 33,000
Range -
gll samples 13-39,5 21-52,5 1557 £i-1 27=99,5 15,0004, 000
Fest Bosebud River-Stetion 002-2% Brides
March 20 31 21 £1 33 15,000
May 12 21 22 £1 30 14,000
July i3 24, i3 ¢l 34 20,000
August i1 22 is £1 33 21,000
September 18 36 13 41 48 26,000
Range ~
all samples 11-2/ 19,546 Gm2 411 2855 13,000-322,000
West Rogebud River-Stabtion 003-Pine Grove Campzround
March Ei 18 12 £1 18 12,000
May 9 20 13 &1 22 9,000
July 9 20 50 i 23 18,000
fugust i i9 15 Z3 32 17,000
September 12 29 12 £ 57 182,000
Range -
all samples 7-16.5 16,5-42 11.5=76 £1-1 18-107.5 9,000-22,000

West Hosebud River-Station 004-First Bridee Below Pine Urove Camperound

March
May
July
August
September
Rangs ~

all sauples

9 13 17 3! 18 12,000

9 16 16 £1 29 11,000

0 16 13 1 26 19,000

10 15 1 ¢l 28 21,000

g 16 12 4 30 21,000
5,5-13 10-18.5  10-17.5 ¢1-1 17.5-47  11,000-23,000

1 ¥ =
“Fractions of field semples pasging through 100 mesh per inch screening were retained

for analysis.

3

£11 ssmples were collected in 1973, Values for July-Oct, are averasges Tor

w3 bFhrao ssvnias



o

TABLE 10. {continued)

Collsction 3

Date Copper Nickel Lead Cadmium Zine Iren (X 107)

Stillwater River-Station 005-Woodbine Campsround

March Ta 18 i8 1 36 14,000
Moy 65 20 21 £L 46 11,000
July 48 16 25 £1 &0 18,000
August &5 i5 18 41 55 20,000
September 56 14 iz 41 36 19,000
Jetober 22 48 iz {1 48 25,000
Renge -

81l samples 12.5-87 11-61 G 5-48.5 £1~1 2470 13,.000-27,000

March
May
July
August
September
Octobar
Range -

gli samples

March
May
July
August
Septamber
October
Renge -
all samples

March
May
July
August
September
Uctober
Range -

all gamples

Stillwater River-Station 006-1.4 miles Delow Moust Mi1l

46
62
101
70
63
20

17-110

209
19z
107
196
209

35

25 ] §“’330

19
20
18
20
11

52
9.5-57

1 20
¢l 34
2 59
i+ 50
41 30
£1 100
£1-3,0 20~124.5

15,000
17,000
27,000
30,000
28,000
22,000

15,000-36,000

Wegt Fork Stillwater River—Station 007-Henrv Grant's Cabin Bridgs

40
31
37
36
97
37

28-212

85
68
78
77
123
91

60-193

20
20
16
18
14
28

12-31

1 27
<1 30
1.5 34
1.4 26
{1 104
41 36
¢1-1.9

fegt Boulder River-Station 008-inderson Springs

46 78
33 70
41 76
36 76
36 74
38 80
31-46,5 58-96

20
26
20
28
17
34

14-36

37

1 33
<1 38
1.7 50
1.5 49
1.3 34
¢l 47
{1-2.0  25.5-54

16,000
18,000
35,000
36,000
34,000
32,000

250§”ES£9§ 16,(}0&’“385 Ggg

16,000
20,000

1,000
32,000
31,000
33,000

16,000-33,000



Tron (X 10°)

TABLE 10, {continued)

action

Date Copmer Hickel Lead Cadmium Zine
Fost Boulder Hiver-Station 098 Placer Basin

September 48 138 i7 1 63
Ootober 50 146 38 1.1 77
Range ~

811 samples 45-53 132-148.5 16-5% £1-1.3 £50-30

March
May
July
Auzgust
September
Oetober
Renge -

all samples

March
May
July
August
September
Detober
Range -

zll sempies

Boulder Biver-Station 010- Falls Cresk Cemmeround

) 57 19 1 25

24 54, 20 1 40

20 L, 14, 1 4y

1% 40 19 1 37

22 49 13 1 4
126 4LE 42 £1 S
20-132,5 36-85 10.5-64  ¢1-1.3 29-141.5

Boulder Biver-Station 011-Flemineg Prides

21 40 ik 1 30

26 45 25 £1 48

i7 27 15 1.2 45

17 30 20 1.1 38

17 27 iz 1.1 37

e ici Z8 &1 53
13.5-81 23.5-143 9-32.5 £1-2.0 20-72,5

41,000

66,000

59,000-71,000

18,000
30,000
45,000
39,000
38,000
47,000

18,000-50,000

18,000
29,000
34,000
35,000
34,000
35,000

18,000-43,000
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Dent {1971} has also ssmpled bottom fauna in the same sireams and at some
of the same stations reported in this study. He used a2 Surber sampler and
reported consistently fewer numbers of crganisms per square foot than found
in this study. For comparison, the following are average number of organisms
per sguare foot in October 1971 for stations on nearby portions of the
Stillwater, West Fork Stillwater, East Boulder and Boulder Rivers, vespectively
(data of Denit, 1971, given Ffivst}: 83 and 267, 8& and 246, 91 end 73%, 106
and 402, At the same statiom (031} on Litile Rocky Creek, the corresponding
numbers are 36 and 156, Dent's (1971) data are similar to that of this study
in proportions of imsect orders present in the various samples.

In personal correspondence with Mr, Dent, he stated that he felt his
Surber sampler had failed to capture many of the organisms present im each
square foot covered by the saempler. Waters and Knapp (1961} and Needham and
Usinger {1956) both felt the Surber sampler had considerable shortcomings.

Low numbers of organisms in May 1972 for some stations on the Boulder
River, and for statiom 035 on the Seillwater River {Table 11) were probably
caused by zampling on newly flooded stream bottom. Streams were vising
rapidly at the time May 1972 samples were collected. HMany sanples probably
came from stream bottom that had been covered with water for only a few days.

Almost complete absence of organisms in samples from station 043 on
Verdigris Creek {Table 12} is likely due to previously discussed adverse
chemical conditions.

I addition to bottom fauna dataz shown in Tables 11 and 12, samples were

collected in May, July and October, 1973. These samples have yet to be
scrted and tabulated. Results will be given in a future report.

Figh Populations

Table 13 is a summary of physical characteristics, fish species captured,
and fin clips made on fish in stream sections. These sections were used for
estimation of fish population parameters.

Fish population data are given in Tables 14 and 15, Estimates for some
species shown in a previous report {Stewart, 1973) are not shown in these
tables because reexamination of the data indicated that the number of recap-
tured fish was not sufficient for a reliable estimate, Some estimates in
Table 14 made inm 1972 differ slightly from a previocus report (Stewart, 1973).
These differences ars due to recalculation of the estimates using a slightly
refined computer program.

Hatchery fish were captured in small numbers in only cne of the stream

sections (F-2, Stillwater River), despite the fact that they are stocked iun
all of the larger streams.

w58



USTIDTTUM UTBIUNOR=IH (IN0L]L UMCIG=TT

rexogoed gylia Teaozoad
sntd asodipe 3yfra
a2ratad 38y Teioloed
snfd esodipw 1107
o BUOU
uw%%%& ssodipw
, srated
pEodipe S
feiogoed ssodgps
1497
vpatad Trioioad
ERE-a Judra
asodipe snid vpated
Trion2ed 3ydra JyEra
ssodipe spated
¥Rt
- auon
£L61 mmmmﬁ 10 TL61
dryn utd

2467 BIw sSdsyge m«w.mim paw -4 SuOT309§ I0GY ;mm‘mw,m.ﬁ

fanoag HOOIg=qs fanoxl IRCIUIINI=LY SIN0LY AOQUTBY=qY

19ae macwwwwsw@aaﬁﬁ
sues Tifqu gy 6°6 eabhl g1 Hgt 54 Q=g Woui) Bdy
PURs 1193 qy 779 68¢1 T 467 54 Led  ABBI] IBATTE

o ronons ssouduos
Mt Aa gy 5Ze 8LGS 71 961 56 g ASIBATTIAE

2owp @soulduoy

SWES reyons ssouduon
mfricagcay 516 0149 STPIT°OT ¥ST 8¢ ¢-d AIIBMTTTIS

ISHONS aoep osouduon

UTRIUNOR asyons ssoufudy
snid- dwes FNFTT aa qu S°60T 9867 87 461 8¢ 1= AFIBATT IS
IWES nritqaiay §°L2 876¢ 91°L1°® HLT 86 11-4 1reaysty
B 1 ‘qa‘c‘ay g°%1 £L02 6t H41 3 6=d  TTRIYSTH d8ry
e s 11997 °q% £ 0T 0422 6T HLT S6 0T~ T1TeIYSTI 31594

pPTuTadAo

BUes peTITIUSpTUN
104119 v°g LYET 8 H81 89 T~ eBa) STIIOR

o ds snuo}so3un
IR Cqu 9° L4 £8C9 0Z°61 48T §9 b1~4  puqgesoy jsey
£L61 26T 10 1761 (3933) (3993) s 3 il ON ueaI3§

¢ yiptM  yiSusg UOTIeI0T UOTI098
paaniden Hmmmuw@m ugap
‘pain}ded soyovds YSTJ pUE SUOT199S SUIUSTIJO119918 I0F Bywp 1BOISAYd  *CT WISV



aratad
3BT

sratad
3397

agodipe
asoedipe

spated
3381

'mowu@a

yydta

spatad
audTa

ssodipe

agodipe

srated aydta
snid assodrpe

siated 339y
entd asodipe

46T

TLET A0 TL61

dryn utg

Ayue 11fqn

[MNEE

T1 ‘ai
PTAGAY 10-GY4

FMETTOgY

44
gn1d swes

94
snid suwes

asyons asoulno

TI*a0fqy
prutad4io

pRIiTiueprun
qafay

TT9E 30

TEEAD

@oBp BSouduoq

snid sues TIegatan
L6l zL6T Ae 1161
paaniden saiosds

787 01wz T1%C 461 S% Ci~d
18 9EZTG $E%97 W21 S¢ =4
7°67 0919 07°¢/1%91 36T S% 81~d
AN 672 ¢ 46T 89 {T=d
Gl 6507 67 4v1 S 9fwd
6°¢1 0667 7% W4T 8¢ {ed
gy 6R4Y 12 461 8¢ G
(3@21) (31993F) S ¥ 1 *ON
qapim yiBuaeg UDTIeR0q BOTI09G
uga

(penutiuod) ¢ dATIVL

1B8pIRoY 388Y

IspIRog
AEB TBAOT

IDEATTTIS
HIoL "M

UTd deNuTd

AqDoy B113TT

MDA CUIR

WesITg

sl



sesayiueied Wl [RALILIUT BOUSPIIU0D jusvied ¢4

N 888 J0y SavwIiIE® 7741

A

14K 39 10] 5I8WT3IS5 L7161 ~ N 896 10] BIeBIIEs TIET ¢ PRunIsd
(6F)  (¢h) (z¥)  (0Lh)
Z1 ¥6 £T 6 L 9%l STELOL
AP0
1870 b6 & FAY 8e 910 61°0 [ S FANA pug 171
. i 7 £h 811 070 5370 G g% I
CL6T ATRL *Z/6T ATBL=INOL] YOOIG~-Qf~4 UOTIDBG-MEDIY [Te3US1s 150M
(e4)  (@T#) (7g+)  (1T+)
&1 ¢y & 7 w07 9z 8IR30],
o LBPTO
60" 0 < 1 7T 01 2270 82270 8% £'g pue 111
& 1 69 97 B30 070 L% 6°% 1T
1 - 211 - 1670 - 8°7 - I
£L6T AIND 76T ATN[-INOL], MOGUTTY=g»d UOTIODBS~NOBI) [IEISTY 1858Y
(9%} (9F)  (68T%) =x(L8¥)
£L1 (A4 G £9 $26 879 F1R30]
. 3.°0 L g7 Gz gL LZ°0 8Z°0 6 0°6 11T
69°0 Lt 81 (A2 $01 710 L1°0 £°9 9°L it
1z LT 8GL 9% £G°0 Co°0 7% 0°g I
€61 BURP °7/61 [MNL=TN0I], OO H=/ =4 HOTIIDG=NBOI] STII0H
¥ L6T 93 TL6] £L61 Zi61 L4671 461 elel EL6T ci6l [543 Lol ZL67 58810
WOoI |uBI A1TITRIACH axow aad {spunod) I3quEnu {spunod) {swyout) a8y
spunod JUETOM PRIBWTISH PBIBRWIYSY yS1ea usay y33us] usey

"C/6] DUR 7/g67 Ul PPEW I9M SNPWTIES SI9UM SUOTIINE WERL}E A0 S93eWwTlse uoiseTndod Usig

"B ATEVL



(z14) (99 (€6+)  (LTF)
£g 6% 1 0% ELT il s1e30]
87°0 8¢ o £l &9 €60 79°0 L* [N
7 01 og G/ 71°0 £T°0 . 1° L°9
1 - GL - 1070 8¢ -
€46T ATOL *Z/6T Sunf=-3nod) uMoIg-g-4 BOTI09G-Y8815 ANooy 811317
. (61+)  (3TF)  (w8F)  (9%F)
£ £°0¢ HE1 94 T8 66t BIBIOL
Le70 79 % L9 &% 56°0 £8°0 g° L°7%
7070 (A4 ZZ 06 9¢ 9% 0 6E°0Q #° 8°6
71 £l 78 76 L1°0 w10 £ 6°9
2! = 119 - 2070 8° -
INOLY, UMOIG
(84)  (z14)  (0LZF)  (T0TH)
A 76T 79 Le 08¢1 75e 51e10]
870 L1 o1 7€ 67 06°0 2570 g° 8°01
06t 81 6 9g 1% 120 20 0° 0°8
61 €1 86T A 60°0 80°¢ g ¢'g
. 71 - Z001 - 1070 L* -
IN0OL], MOQUIRY
€461 ASRENY 7/6T ATNL-T{-4 UCTIVFG-NIOI) TTRIYSTJ
£L6T 03 7461 £i6l LL67 LL6T TL61 £L6T ZL61 461 eL6T €461 L4671
woil ejel AJTIRlION save zad {spunod) avqunn (spunod) (s9yout)
SPUnog JHSTOM PRIBWIISYH PBIERWIISH Jydrem ueoy y3Buey ueoy

{ponUIINO0I)

"1 ATV

ispio
pue 11T
1%
I

1Bpio
pue AT
17T

I

i3

ispio
pu® AL
ITT
1L

SSBTD

a8y

wB -



pa3dusyle SIFPWIISS ON

g

2IVWIISS DTQRITHE 10 HUSTOTIINSUT LIS @ﬁgﬁmm&

(cz+)  (g5F) (L65+)  (ZLT+)

51 g0z 602 067 6761 106 TR0 15p70
18°0 66 06 0% 6l 81°1 11 £°61 0“ct pue Aj
8GO 0l €01 601 (81 £9°0 GG g°Z1 6°T1 11T
GL°0 82 L9 96 862 67°0 97°0 6 1°6 TI

ot 0¢ 7oy LS 80°0 80°0 6°G 09 I
it - 07T - 10°0 - §°¢ - 0
.“M.Q@.H_ﬁ gomm
. €L61 TTAY TUDIvR 1771 TIHAY TUDIBN-7-d DOTIO85-IDATY 1918M[1139
77 9 (L6+) L91 g (Ge1+) 96¢ g - g - 1TV
USTJOITUM UTBIUNOKR
(614) (o%¢+)
£°9 8h 9¢ 6 §TEI0], 29p10
T Wy 79°0 £°11 pug 11T
g 9 Z1°0 60 11
01 16€ €00 7% I
G N 18% v 10°0 v US4 Y 0
A00L1, BOmwﬂ.mmwm
{8+) (8+) (c0z+)  (06T+)
. = 1°7 ¢ 0% 008 €7y s7e30]
€60 < ¢ 0T B¢ 82°0 610 5°6 7°8 11
7z 6 967 16T 20°0 3070 0*9 9°¢ 1
1 f w6y He7 10°0 70°0 g°g 6°€ 0
...Z,—OH.H xOOHmw
CLET ABW *7/6T ABW~T~4 UOTIOVS-IBATY IADIBMTIT2LS
Cih1 ©O1 7761 t/61T  7L61 €L61 ZL6T CL6T TL6T CL6T 7161 £i61 7.61 SSBTD
WoL BRI ALITEIAON siow 1ad mWﬁmsemv Isquing Am@azoav (sByouT) aBy
m@ﬁﬂo& uﬁ,wﬁwg ﬁwwmﬁﬁu.wm wwumﬁ.wum:.m uﬂwuﬂwz ﬂ.m.m_z &uwﬂmg ﬁmwz

(penuiiunoed)  *H1 IIYVL

~6%-



(6+) {G+) 797F)  (o%1H)
SRy (21 s 97 OLET 00Y s1e30]
§L°0 g 9 61 9z 92°0 LZ°0
9%°0 L 11 i% 84 £1°0 %1°0
: €1 g BG7 901 SO0 500
01 i 901 76T 10°0 10°0
. €L6T PURL *Z/gT SUR[-INOIL UAGig-/~4 UOTI035~o815 ADATTS
0°g ' [ (5F) ¢1 s1e10]
T 01 01°0
I v ¢ v 700 v
£L6T SURL -~ INOX] YOOIq«g- UOTI08G-%881 SAN
(7+) (cF) (€2F)  (99¥F)
U2} 67 g L 66 111 S1eI0Y,
§8°0 7 £ 6T 11 Z1°0 97°0
€ b g 001 %0°0 %00
€461 Punl “7/6T SUNL~IMOL] NOOIf-G~y GOTI085-38930 MBTA UTBIGRGR
. (61+)  (91+) (Te84+)  (L91H)
LT €7 6¢ A 98¢ 1 §1¢ s1e30],
£6°0 z ¢T 6 £ £2°0 8T°0
0%°0 8 71 8 871 01°0 11°0
67 £ 9671 BET 70°0 700
uﬁOHmr M«OO.HM
€L6T 93 2161 €461 7161 €61 TL6T C161 ZL6T Ci6l Zi61
WOl 2183 A3TIRIION eive od (spunod) Iequmu (spunod)
spunog IySTeM pelewr}sy pPRIBWIYIST 1yBrom uway

678 [
0L T
0°g 0°¢
®C 9°Z
£°g
1% ¥
£°9 L8
G Gy
0°6 GG
GTo 8°9
0 A
EL6T 2461
Awexcﬁﬂv

y33ua uwow

{panuTiuod)

"H1 HILVY

IIT
1T

13DIO
pue 77

o

SHBTY
wly

w8y



(o) (9+) (01+)  (o8+)

4 6% (A O oY 208 BTBI0L
9t 0 1 [ &y 9 LT°0 5£°0 6°9 €01
61°0 1% el 07 29 G1 0 1¢°0 €L 78
’ 9870 9 £l &Y (494 0170 60°0 £°9 £°9
. ¢ i iy &l G800 §0°0 2°¢ 1°¢
[4 1 911 Lt 2070 Z0°0 67¢ 0%

INGLY MOGUTEY

761 1SR8OY ig/6] Asnany CAINp~gTed UOTIOBG-IBATY A3PInOgE 3887

(T+)  (zh) ey (1h
. LE°0 11 6 g 9 LY BY SRERLAR
©19%0 [ € 71 8 £€°0  wE'0 6 5’6
[4 [4 o1 £1 9190 917G 9L 8L
T 1 14 LT GO0 coto [ T°6
INOLL 1T0IYIIND
| (Z+)  (£F) (LeF)  (9TF)
61 7e T (x4 01 501 s{el0]
£8°0 g g 4 8 69°0 66°0 0721 £
QL6 & 21 (A} Ly €0 5¢€°0 €8 7°6
LEG T % 41 Ty 6G°0 6070 €79 LAY
& 1 G4 [A4 {470 €070 'y AN
ANOI], UMoIg
(e+) (F (9eF)  (£1F)
. #e L 144 L1 6L¢ 96 F1eq0]
09°0 6 71 8¢ L% XNt 0" 0 1'g g8
A € iwe 6% 90°0 900 A £°g
JR01], MO0Lg
¢L61 asquendeg i7/e] Tieqmoldes '1SN8NYwQi-d HO[3085-@010) Uld 199914
LL6T O 2167 L6 2461 LL61 461 £L61 Zi61 £L61 2461 tL61 (443
WoeXI 819d ARTIRIION sane gaod (spunod) g Tejiilased {spunod) {gayout)
Spunog 3Ty pajewrisy pelEwIISY Jy81ap uesy y38us7 uesy

ABpTO
pug A

11X
IX

IBPTO
pue 1717
1T
I

igpio
pue AT
11T
11

z8pyio
pue 13

SEETD
a8y

{(ponuIlucd) w1 AT4VL

mh 5w



(06+)  (CTF) (122Z+) (L86F)
£ie 081 488 8L8¢ §1e30%
g49°%Q AN 1) 9¢ 8 £y 21 29°0 99" Q) €27 L°871
JA/ AR LeT &7 Tie VA §L°0 077G 1°6 g%
VA 9% ¥l T9¢t 4586 9G" 0 800 8¢ 0°9
. U7 £ L26Y L8LT 1070 10°0 z°¢ §°¢
IN0OL], OOIg
(ELT+)  (£STH)  (SowE)  (Z6TH)
1549 19 294 661 GL91 904 gTR30],
17279 VA Giy 047¢ &6%7 08T £9°1 T 9T 8°971
- 161 AY FA £ 89 £9°0 &64°0 0°71 6771
1T°6¢ 12 LA 98 16 €0 920 2°g 0°6
L 9 681 86 00 LO°C 0°g G'g
& Y LG6 - 10°0 v 4 v
noiy, moqurey
€61 Tiady *yoael (7,61 [FAdY~§-J HOT1095-d0AlYy Jop]nNog
. (5+) (6+) (97%)  (57%)
11 L 21 01 0c1 8 81R30]
L0°0 L 7 12 L AN i6°0 FA 6701
EC0 G Z ve GT 81°0 91°0 L7 L)
t U3 ¢ &% 60° 0 60°0 179 z°9
Z T» 9% 11 %0°0 £0°0 LY 1%
1TA0LY, UM0Ig
CL6T €3 2161 vieT ZLet £L61 CL6T CL6T 2461 £461 (423 g6l 7461
woll B3Rl A31TRlion pane asd {spunod) zaqun (spunod) (saysut)
SpUnCg 1B THM DOIBWINEY pPBIPMTISY 1Y2ramM ueey 3 3uay uwsy
(penuTiuod}  *¢1 14VL

FEN
1z

19p1o
pus AT
111
IT

1aplo
pue A
AL
IT1
1T

sERVT
ady

oy



TABLE 15, Fish population estimates for stream sections whers omne
egtimate was made,

Age Mean Length Mean Weight Estimated Estimated Pounds
Class {inches) {pounds) number weight {(pounds}¥ per acre

East Rosebud River-Section F-l4-Brown Trout-November 1971

I .06 135 G
11 .25 155 40
ITI 0,57 113 £5
v 1,49 53 79

Totals 460(+105) 193(+55) 17,2

Stillwater River-Section F-3-Byrown Trout-November 1971
I 0.06 5G4 39
1 0.25 544 135
11T 0.65 224 145
IV and 1.24 130 186
oider Totals 1522(3460) 505(+101) 47.8
West Fork Stillwater River-Section F~-17-April, Mav 1973
Rainbow Trout
I 4,3 0,03 359 10
ir 6,3 G.09 93 8
IIT and 8.4 0,23 177 41
older Totals 629(+108) 59(+49) 27.7
Brown Trout
i 8 0.04 34 1
TI 3 0,16 20 3
ITT and 5 0.48 27 13
older Totals 81(+30) 17(+6) 8.3
Lower Deer Cresk-Section F-18«Brown Trout-June, July 1973

I 4.4 C.03 197 6
Iz 7.5 .17 44 7
11T 11.2 0.50 58 29
IV and 14,1 0,88 38 34
older Totals 337(476) 76(+11) 21.3

*95 percent confidence interval in parenthesss
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I was unable to age whitefish from scales and this species susztained con-
siderable handling mortality. Conseguently, only one estimaie was made for
whitefish, and this was not specific for fish age.

Estimates were not made fov species captured infrequently. Underysarlimg and
yearling fish were often not captured in sufficient numbers to be estimated,
although efforts were made to catch these small fish., Greater success was exper-
ienced in capturing underyearling snd vearling fish is 1973 than in 1972,

Fish ages shown in Tables 14 and 15 ave egual to numbers of annuli on scales,
Except for fish captured in June when annuli were formed, fish had ewperienced
some portion of a growing season beyond the indicated age. Orowth rates, while
generally slightly less than state averages reported by Brown (1971}, are com-

mensurate with the relatively low summer water temperatuves and short growing
E£AS0NS.

Standing crops of trout in pounds per acre {Tables 14 and 15) on larger
streams are somewhat lower than those reported by Vincent (1969) for rivers in
southwestern Montana, Some of the tributary streams had moderately high trout
standing crops., <Carlander (1933) reports standing crop values for trout streams
in North America to be largely in the range of 10 to 130 pounds per acre, with an
spproximate median of 60, Compared to Carlander’s (1953) date, standing crops
of trout in streams of this study range from mederately low to high.

Total estimetes in Table 14 suggest considerable wvariation in standing crops
of fyout from 1972 teo 1973 in many of the stream sectionms. This may be misleading.
In 1973 an estimate for vearling or undervearling fish was added in the total
estimate, if adequate numbers of fish were sampled. In 1971 an estimate for these
younger fish was often lacking in the total estimate, because adequate numbers were
not sampled. Alsc, a consideration of confidence limits minimizes apparent
differences in standing crops betwsen years. For sxample, on Section F-i, Still-
water River, the mean total estimates of brook trout for 1972 and 1973 were 423
and 800. However, by considering the highest probable value in the 1972 estimate
(613), and the lowest probable value im the 1973 estimate (397}, it is evident
that there is overlap in the ranges of probable fish numbers for the two years.
However, even with these consideratioms there are definite differences betwsen
the two years in some stream sectioms for numbers of underyearling and yearling
fish,

There was generally good agreement between average lengths of year classes
from 1972 to 1573 {Table 14). TFor the few cases where differences were relatively
large, average sizes were calculated from very small samples of fish,

Age structures inm Tables 14 and 15 were mostly typical. Some of the small
imbalances can be explained on the basis of confidence intervals, but larger
imbalances are probably real., These imbalances can sccur by differential vear
class survival and migration, but no certain explanation can be confidentiy ad-
vanced for specific imstances of year class imbalance in Tables 14 and 15,

wH =



Almost no movemenit was noted from one stream section to another from 1972
to 1973, Minor exchange of fish oceurred only between sections on Fishtall Creek
{F-11), East Fishtail Creek (F-9), and West Fishtail Creek (F-10). These sections
are close together. East and West Fishtail Creek sections are separated by only
about 500 yards, The Fishtail Creek section is approximately 1.5 siveam miles
from the other two.

A complicating factor has been Introduced con Section F-2 on the Etillwater
River, In Mawch 1973 cver ome~-third of the length of this section was modified
by adjacent landowners, largely by pushing streambed gravel onto streambanks,
Part of this modification occcurred a few davs prior to the 1973 fish populatiom
estimate, and part of it while the estimate was being made. Of the fish age I
and clder, both brock and brown trout may have decreased from 1972 to 1973, but
the full affect of thes modification may net have occcurred at the time the 1973
estimate was made,

Work was also done near the mouths of small tributary streams not reported
in Tables 14 or 15, Ne fish were captured in South Nye, Verdigris, Initial, and
Graham Creeks. Only 2 single rasinbow trout was captured in & 900 feet section
near the mouth of Cathedral Creek. In Blakely Creek, fish are present only in the
lowest 200 feet of stream., In Iron (reek, rainbow trout appear to be distributed
through the lower reaches in small pumbers. These and other similar streams not
yet investigated are small, very steep and have only marginal fish habitat at best,
Winter flows are unkmown, but some of them may dry up during this season. Verdi-
gris Creek has concentrations of metals (Table 4) that probably prevent establish-
ment of fish,

Other Fish and Game Department persommel electrofished a portion of the East
Boulder River in Placer Basin {T5S8, R13E, Section 1l) in the summer of 1971. Heo
fish were found and hatchery cutthrost trout were subsequently stocked, A L1600
feet section in the same location was elecirofished in the summer of 1972, TFour
of the stocked fish were captured. These ranged in length from 6.3 to 7.5 inches.

Fish Population Stability

Stability* percentages for eight stream sections where data was sufficient
to make the appropriste calculations are given in Table 16, Considering the one-
year period involved, stability was high, It averaged 36 percent for all sections
and species. Average percentages by species are: brook troul, 38 percent; brown
trout, 60 percent; rainbow trout, 56 percent; cutthroalt trout, 93 percent. Pre-
cision of the stability estimates is similar to the preciciom of population esti-
mates {Table 14) which were used in calculation of stabilicy,

% Stability, as used here, indicates the percentage of fish present in stream
sections im 1972 that remained in the section omne yvear later, with mortality
calculations for that perlod considered.
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Metals Concentrations im Fish Muscle Tissue

Concentrations of various metals in fish muscle tissue are shown inm Table 17.
in general the precision of the determinations is plus and minus the detection
limit., The mercury concentratioms are mostly low and probably represent natural
background levels in fish muscle from this ares. A comprehensive sxamination of
literature concerning natural levels of metals in fish tissue has not yat bean
made. The significance of wvalues in Table 17 will be discussed in 2 future report,

Samples of fish for tissue-metals analysis have alsoc been collected from the

West Fork Seillwater River, East Boulder River, and from an additional section on
the Stillwater River. The analysis of these fish has vet to be done.

Trout Eop Bigassavys

Oyerall average survival of eved trout eggs placed in artificial redds
(Table 18) was considerably higher in 1972 (83 percent) than in 1972 (45 percent).
Differences in conditions and precedures between the two vears were: rainbow
trout eggs used im 1973 and cutthroat trout eggs in 1972; gravel clips placed in
€gg containers im 1973, but not in 1972; April-May incubation inm 1972 and September-
October incubatiom im 1973, The last factor seems most significant, JDuring 1972
waler tempevatures were in the 32-40°F range for most of the incubation period,
while 1973 water temperatures were largely in the 40-55°F range. Water tempera-
tures below 40°F are suboptimal for both species.

Effect of egg tramsport from hatchery to artificial redds was negligible,
Gver 90 percent of control eggs, tranmsported to the field but subseguently returned
to the hatchery for incubation, survived to hatching both vears,

In 1972 spring runoff began the last few days that aggs were in redds. This
caused complete loss of eggs and fry at stations 010 and G1l, and partial loss at
stations 006, 008 and 028, In 1973 the small numbers of eggs (10 or 20) used in
vials was not sufficient to indicate complete hatching of eggs in screen containers,
Consequently although all eggs had hatched in vials, some screen containers were
removed from redds before 211 eggs had hatched, Had these gggs been left in redds
until hatching, average survival at stations 005, 008, and 010 would have been
3 percent, 8 percent and & percent higher, regpectively, than shown in Table 18,
This problem can be solved in the future by leaving screen containers in redds for
two or three days after adl eggs have been hatched in vials,

Pish Stomach Contents

Approximately 12 fish stomachs per stream section were examined from sections
of the Stillwater, Boulder and East Boulder Rivers, This analysis was made to
determine organisms which may be of special importance as fish food. A wide variety
of organisms was found in stomachs. No particular bottom fauna apecies appeared o
be of great significance as fish fosd. In stomachs containing several organisms
two or more species were always present. Many more fish stomachs would have to he
examined to reach any firm conclusion concerning fiszh foods,

o f e



TABLE 17. Concentration {mg/gram net welght) of metals in fish muscle tissue,

Length Weight
Sgeciesi {inches) {pounds) Merocury Copper Hickel Cadmivm lead

Fightail Creek-Section F-1l-July 1%712

Rb 4-5 - 20,05 G, 4 2.4 c.1 £1
Rb 6.5 G.10 £0.05 0.4 3,5 0.2 £1
Rb 6.5 0.14 £0.03 0.2 1.0 £0,1 £l
Rb 6.8 0.12 ¢0.05 6.2 1.0 g,1 £
Rb 8.0 0,20 £0,.05 0.2 £0.3 £0.1 21
Rb 8.0 0,19 £0.05 - £0,5 £0.1 K¢
Rb 9.6 0,32 £0,05 0.1 1.5 £0,1 €l
Rb 10,0 0.38 £0,05 0,2 1,0 0.1 £1
Rb 11.8 0.63 £0.05 g.1 1.0 0.1 €1
ha 13.0 0.78 £8.05 0.4 £0.5 40,1 £1
LLz 4.5 - £0.05 0.1 £0.5 20,1 £1
LL 5,5 - £0.05 G.2 1.0 0.2 21
LL 6.5 0.10 €0.05 9,1 1.0 0.2 o
LL 6.6 0,10 £0.05 0.2 1.0 20,1 41
LL 7.0 0.11 £0.05 8.4 1.5 0.2 €1
L Teb G.16 ¢0,05 - £0.5 0.1 £1
LL 8.8 0.22 £0.035 0.2 £0.5 .2 <1
L 9.3 0,32 £0.05 0.3 0.5 20. % ES
iL 3.7 0,34 £0,05 0.1 1.0 40,1 <1
iL 3.9 0.38 - 8,2 £40.5 €0.1 £1
L 12.0 0.64 - 0.4 £0,5 £0.1 {1
L 12.2 0.72 £G.,05 06,2 20,5 £0.1 €1
LL 12.5 0.80 40,05 6.1 £0.5 £0.1 <1
LL 15.3 1.47 €0.05 0.1 23,5 0.1 £1
Eb 7.5 0,20 £0.05 g.1 £0.5 £0.1 21
Eb 7.7 0.20 £0,05 ¢£0.1 £0.5 0.1 £1
Eb 10.7 0,50 €0,.058 0.5 1,0 0.2 £1
WE 15.0 1.30 £0.,05 0.1 £0.5 £0.1 <1
Stillwater River-Ssction F-l-May 19772
Rb° 5 . £0.05 0.5 20,5 0.2 <1
Rb 7.4 0.1z 0,05 0.5 1.5 0.2 41
Rb 7.8 0. la €0,05 .3 1.0 .1 £1
Rb 7.8 - £0.05 £0G.5 1.0 0.1 £1
Rb 11,1 0.5% 0.15 £0.5 0.5 0.6 £1
Rb 13.3 0.81 0,43 0,3 0.5 0.6 €1
LL 6.8 0,11 £0.035 £0.5 £0.5 0.2 £1
il 7.1 .13 £0,.03 €0.5 0.5 0.2 £1
LL 8.1 0,21 £0.05 0.8 £0.5 0.5 <1
LL 13.3 0.64 0,20 0.5 £0.5 G,5 £1
LL 13.5 0,86 £0,.05 0.3 3.5 £0,1 41

lAhbreviations are: Rb=Rainbow Trout:; Eb=Brook Trout; LL=Brown Trout;
Wi=Mountzin Whitefish

ECompcsite of several fish
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TABLE 17, {conbinued)
Length Weight
Sgeciesl {inches) {nounds) Mercury Copper Hickel Cadmium Lead
Stillwater River-Sectiop F-1 {con'd)

Ebz £5 - £0.08 0.5 G5 0.2 1
Eb 6.6 0,10 0.4 20,5 £0.5 G.5 £1
b 7.3 4.1z {6,035 £€G.5 0.5 0,2 £1
b 7.8 0,14 0,05 - - - -
b 8.3 4,18 £0.05 3.4 1.0 0.3 £1
¥b 2.5 0.21 0,05 LG5 20,5 0.3 £1
Ebz 8.6 0,20 €0,05 - 1.0 - €1
Wi 8 - €0, 05 £0.5 .5 0.3 £1

£ 9.8 0,40 0,05 0.5 0.5. 0.6 s}
WE 0,1 0.34 40,05 0.6 1.0 3.5 £1
Wi 10.4 G.40 40,05 £0.5 £0.5 0.5 £1
WE 11.3 (1,38 £0,05 0.8 1,3 0.1 £1
WE iz.8 0,59 40,03 £0.5 J.5 G.9 -
WE 13.7 .68 L0.05 0.7 0B G,3 41
WE 13.7 0.70 £0,.05 44,5 1.5 0.7 £

Bouldey River-Section Fel-April, 1972

BB 5 - £0.05 0.5 0.5 0.3 a
Rb 5.6 0.05 .11 0.5 0.5 0.7 1.5
Rb 7.0 0.15 £0,05 0.5 0,5 0.2 £1
Rb 7.1 0,13 £0,05 0.5 1.0 0.3 1
R 8.3 0,21 £0,05 £0.5 1.0 0.3 {1
Rb 8,7 0,23 £0,05 £0.5 £0.5 4.1 Z1
Rb 8.7 0,22 £0.05 £0,5 6.5 0,2 41
Rb 12.4 0.72 £0,03 0.5 Z0.5 3.3 g1
Rb L3.4 0,58 £0,05 20.5 0.5 0.2 ¢l
2b i5.4 1.35 £0.05 - - - =
Rb 17.5 2,05 £0.05 0.5 1.0 0.5 i
Rb 17.7 1.96 €0.05 £0,5 £0.5 0.1 el
Eb 8.0 1,80 £0.05 £0.5 £0,5 £0.1 <1
ha 21.6 3.18 £G.05 £0.5 £0.5 .1 <1
Eb £5 - £0.,.05 0.5 £0G.5 0.3 41
b 5,8 o137 .05 £0.5 £0.5 0,1 41
Eb 6.0 07 €0,03 £0,5 £0.5 - <1
"Eb 5,1 08 £0.05 40,53 £0.5 £0.1 €1
b 7.6 « 13 €005 £0.5 £0.53 £0.1 &)
Eb « 3.1 o L& £0.05 £0,5 £0.5 £3.1 £3
Eb 8.7 . 19 £0.05 w0, 3 £0.5 g.1 £1
Eb G, 2 222 £0,05 £40.5 0.3 0.4 i
Eb 5.8 - 30 £0.05 £0,5 £0.5 £0.1 £1
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TABLE 17, ({continusd}
Length Welght
Spacies {inches) (pounds) Mercury Copper Nickel  Cadmium Lead Zinc
Stillwater River-Sectlon F-2-April, 1972

sz £6.0 - 40,03 1.1 1.6 G.5 £2 8
Rb 7.5 0.15 £0.05 20.5 4.2 £0.5 42 9.0
Rb 8.0 G.28 €0.05 0.9 i.s £0.5 &2 G.5
Rb 5.1 6.30 £0.05 0.9 .4 G.6 £2 7.5
Rb 9,7 0.38 €0.03 0.7 1.6 0.6 L s 5.0
Rb 10.96 0,40 40,05 1.1 2.6 0.7 £2 12
Bb 12.5 0.60 €0, 05 £0.5 2.0 1.0 42 4.3
R’b 14.8 1,00 4£3.05 0.9 £1.9 £0.5 22 7.5
Rb 15.3 1,22 £0.05 1.0 1.6 1.0 £2 7.0
Rb i5.4 1.30 40,05 £0.5 £1.0 0.6 €2 4.5
sz i7.4 2.16 £0.05 1.4 <10 £0.5 £7 7.0
Eb 6.0 - £0.05 9.6 £L.0 £0.5 &2 13
Eb 6.3 0.12 ¢0,03 40,5 1.4 £4.5 £2 7.0
Eb 6.4 .68 ¢0,05 0,3 2.0 0,6 £2 16
Eb 6.8 0.09 £0.05 0.7 £1.0 £0.5 <2 i3
Eb 7.1 .16 ¢0.05 1.5 1.0 £0.5 £2 i5
Eb 8.5 .18 {0,605 0.8 1.8 £0.5 2 8,5
Eb 8.8 0.25 £0.05 G.7 1.4 0.6 £2 14
b .3 0.286 £0,05 Gg.7 3.4 £0.5 £2 f. 5
Ebz 1t.1 G, 40 40,065 £0.5 2.8 £0.5 €2 is
L £6.0 - £0.65 1.3 1.2 0.8 £2 10
LL 6.4 0,13 €0,05 1.3 1.1 £0.5 £2 i7
LL 6.4 .08 £0.05 0.6 £1.0 £0.,5 42 12
LL 7.8 0,20 46,05 0.6 £1.0 0.5 £2 3.5
LL 7.8 0.18 £0,05 1.4 i.2 £0.5 42 16
LL 0.3 0.34 40,05 £0.5 3.3 0.6 £2 14
LL 16.3 0.35 £0.03 £0.5 4,0 0.6 L2 2,0
LL 10.8 0. 44 40,05 G.6 i.1 G.5 £2 4.3
LL 12.9 .71 40.05 £0.5 2.8 1.0 £2 1%
L i5,5 1.30 £0.05 0.7 1.3 £0.5 €2 4,0
LL 15.6 1.065 £0.03 0.9 £1.0 0.6 3 7.3
1L 15,7 1,22 £0.035 0,7 1.1 £0.5 £2 4.0
LL 15,7 1.28 £0.03 1.2 1.0 0.6 42 22
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TABLE 18, Percentage survival to hatching of eyed cutthroat (1972) and

eved rainbow (1973) trout eggs placed in artificial redds.

Percentage survival
Station Date eggs fiate eggs re- in egg containers Mean
Number placed in redds woved from redds i 2 3 Survival

East Rosebud Biver

401 4e 2072 5=15~72 5% 35 33 %1
GO01 $=19.73 10-4-73 96 51 81 89
028 4=20-712 B-15-72 43 - - -

028 9=-18-73 10-3-73 8¢ 98 73 84

West Rosebud River

403 4=20-72 5.15-712 27 i 34 32
003 9=19-73 10=4-73 84 76 75 50
004 42072 5-15-72 69 63 62 65
004 F=18=73 10-3-73 97 90 85 92

Stillwater Rivery

0G5 4=19-72 Smig=? 52 47 3L 46
005 9=19-73 10373 92 88 89 g0
o6 L£=19-72 Smibwm? 7 - - -

Goe G=19=73 10=3-73 85 86 84 87

West Fork Stillwatser River

Go7 bel5=-72 5e16-72 50 59 51 53
007 9-19-73 10-11-73 &6 85 78 76

East Boulder River

608 G=19-72 5-17=72 40 - - -
008 9=18-73 10=8~73 66 78 85 76

Boulder River

G1i0 9-18-72 10=-5-73 74 70 75 75
011 9=18=73 10=12=73 gL, 73 g1 8L




Stillwater River Headwaters Arvea

On July 27, 1972 cutthroat trout spawners were sampled with a seine in the
inlet stream to Goose Lake (Figure 1). This stream is approximately 1000 feet
long and connects Goose Lake with Little Goose Lake, Eighty fish weve captured,
This number appeared to be about half the fish present in the stream on that day,
Fish renged in length from 6.% to 16.2 inches and from 0.11 to 1.35 pounds. HMost
females were vipe and some were spawned out. Scales were collsctead, but could
not be aged with any confidence because scale circuli did not form regognizable
annuli in many instances,

Redds in the inlet stream were sampled on September 6, 1972, All live eggs
nad hatched but fry were still in the gravel, No redds were found in the lower
half of the stream. Drainage from a pit dug on an adjiacent mining claim had
contributed silt to the lower portiom of the stream, but fine material was also
present in gravels in the upper portion. A total of 1158 dead eggs and live sac
fry were removed from three redds. Overall survival to hatching of sac fry and
dead eggs recovered from redds was 54 percent and varied from 1 parcent to 84
percent for the three redds, HNorveason for the large variability in survival was
apparent,

Acidic mine drainage originates from Daisy Pass ares (Pigure 1), Water from
meny seeps and springs in the disturbed area has pH values of approximately 2.3
to 4.0, with some concentrations of over one hundred miliigrams per liter of
metals such as aluminum, copper, iron, and zinc {unpublished data, Custer Hational
Forest, U. S, Forest Service}, Little or no dats was availsble, however, on
affects of acld drainage on the upper Stillwater River.

Results of work done in this ares in August 1972 are shown in Table 19. The
pH had reached 5.6 at the mouth of the unnamed creek {here called Dalsy Creek)
which drains the ares disturbed by mining activities. Values of pH in the
Stillwater downstream from this point were above 8,0 (Table 19). Metal concen-
trations had dropped to values probably not acutely toxic to organisms at a dis-
tance of 0.4 stream miles below Daisy Creek,

Bottom fauna is depressed severely for at least 1.5 miles below the mouth of
Daisy Creek., The population recovers below the confluence of Coose Cresk and the
Stillwater River (Table 19), Iron precipitate and other metals im the stream are
the apparent causes of depressed bottom fauna populations.

Fish were mot found in the Stillwater River upstream from the acid drainage,
nor in Goose Creek before it empties into the Stillwater River, This apparent
lack of fish cannot be explained. The only fish captured in this area of the
Stillwater was 6.5 stream miles below the mouth of Daisy Creek {Table 19)., Fish
may be present farther up the Stillwater River, but numbers are probably extremely
low. Fish may mot survive im many streams in this area because of the high ele-
vation, severe winter conditions, and unknown but possibly very low water flow
rates in winter,



PULALBG TIFDA0H S *[ 189104 TRUOTIRN I91EN) - elep paysyiqndun s
ADATE UT
u98s USTI [RiSABY o - - i o o - = WEILISUMACD SSTIW §°Q
BUTT puw
Mooy Agq peaanadeo
IN0AT NOOIY BUQ - - o = o - e == WRDAISUAOR SBTIW ¢°Q
pussesd swior
BEIBATD 127G SMOT
perazdes suoyg FIBguny {peIsaA0nsl ayel1dIO
A1eBxey ‘jusssng  -2ad uoay juiwd 10O 700 z0°0 779 MRWAD BEOOH MOTIYg
IUBWIWOD TTT18
painades suoy vasidip f8urxsacosy  ere3rdrosad wolyr ¢igto 90" 0 L0000 £79  WBBAD 85000 AOQR
WESIIFUAOD SVTTW /°7
PEEREF§-
paanydes suoy Arsnotago feisaydyp
Arasowm fqussexd msy  sieardrosad woar o - oo §°g  WEIIIFUMOP SBHTTIWM {7
poasseidap ATSNOTAQO
paanides auoy fausssad mex Aisp eyeatdriovad woIy 2700 %971°0 2600 TR WEIAIEUMOP EITTE H°(
possexdap
Arsnorago fwesajedn wory
paanaden suoy 331Txp Aq paurmlulnw aykardroexd
Atgquqoad fyussard meg woItr Aavsy - - e g WEGIFEUMOD 18I (01
poaangden suoy BEABATP TRITIUSTY 12ae18 uwaly e - - c'yg meaizsdn 13897 g
REEX vungy woilog WoI0q Wweals (29177 /3w) nd Wesils prog o
JO VOTATPUOD 7 up o YInow woiy Isue)si(
*7.6T ‘EOIR SIIBMPERY S$5Bg ASTR( 9yl WOlJ

WESLFSUMGD IBATY APIeMT[TIS Byl UY Suol3Tpuod jvoifoiorq puw f1edTmeyd ‘Twoisduyd jo Axvwums g1 FTAVL

@ F T o



RECOMMENDAT LONS

An additional year will be required to obtain needed physical, chemical and
biological data on all streams that could be affected by mining in the area.

Data on general water quality perameters are sufficient for now, except for
a few tributary streams which will be sampled in 1974, The one major deficlency
is the lack of intensive turbidity and suspended solids data. Especially inten-
sive sampling is needed during runcff. Additional data on metals content of sedi-
ments in tributary streams are alsc needed.

Sampling of bottom fauna will scon reach the point of limited return at
stations where sampling was started im 1970 or 1971, At these stations sampling
will be completed, for the present time, in 1974, Sampling should comtinue at a
few locations that remain unsampled or inadeguately sampled.

More fish population data ave needed. Work to date has been concentrated on
larger streams at points immediately up and downstream from mining claims, Fish
population estimates are also needed at dowmstream locations where fish are more
numerous, Qualitative electrofishing should be accomplished on unsampled portions
of larger stresms and on the upper reaches of tributary streams.

hdditional samples of fish for metals analyses should be collected at the
time of fish population work in previously umsampled locatlons. Egg bloassays
should be repeated in the fall, to confirm the higher survival rates found at
this season, A few new stations are needed for egg biocassays.

Work on the Rosebud drainage should be discontinued for the present time.
Mining claims in this area are not being maintained and any development in the
near future seems unlikely.

These recommendations are contingent on the status of mining remaining
unchanged. Should operational development be announced during the period of
this study, more emphasis should be placed on specific streams draining the
area of development.
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Waters Referred to:

5-22-0658-1

5-22-0728-1-

5=22-0742-1

5e22-0756-1

3=22-1050-1

5=-22-2002-1

5-22-2058-1

5«22-2254-1

5w22=2415-10

3-22-2452-1

3mZZ=2598-1

5~22-2758~1

5-22=2772-1

3=22-2846~10

5u22-3346-]

5«22=-3360~1

~80-

5237523
5-22~3864-1
Bul22-4275%1
3=12=4780-1
5=22=4508~-1
5ei-L5648-]
5mZ22=5411x1
5=-22-6104-1
5-22-6L18-1
5222-6132-1
SwZi=0454~1
5-22-6552-1
5=22-6664-1
5-22-6678~1
5-22-6%44~1

5=22=79%4-73



